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Chapter 1
General introduction

Chapter 1

Introduction to recurrent respiratory papillomatosis
Recurrent respiratory papillomatosis and the larynx
Recurrent respiratory papillomatosis (RRP) is a benign disease with wart-like lesions
spread throughout the respiratory tract. It is associated with the human papilloma
virus (HPV) types HPV6 and HPV11, the same HPV types that correlate with
condylomata acuminata (genital warts). RRP is characterized by an unpredictable
and recurrent disease course. The RRP disease course ranges from spontaneous
remission to very aggressive forms, where a single patient might need more than
150 surgical interventions for the removal of papilloma (1).
RRP has a preferred location in the larynx (Figure 1). The larynx is an organ
positioned in the neck which regulates airflow during breathing, and protects the
lower airway against leaking of saliva and food. The larynx skeleton protects the
vocal folds within the larynx, which produce sounds for the purpose of speech.
Patients with RRP in the larynx can experience reduced functioning of the larynx.

Figure 1. Recurrent respiratory papillomatosis in the larynx

Epidemiology
RRP can appear at every age; the age of onset has been described from 1 day
to 90 years old (2,3). Two distinct forms of RRP are the juvenile onset recurrent
respiratory papillomatosis (JoRRP) and the adult onset recurrent respiratory
papillomatosis (AoRRP). The distinction between these two types is based on age
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of onset, usually set at 18 years. The European incidence of JoRRP and AoRRP are
0.17 per 100.000 and 0.54 per 100.000 respectively (4). There is an equal distribution
between genders in JoRRP, while AoRRP is seen twice as often in males as in females
(4-6). New analyses of the Groningen papilloma studies (GPS) show a trimodal
distribution in onset of RRP (3). The first peak of RRP onset at 4 years is most likely
caused by vertical transmission through an infected birth canal (7,8). The largest
risk factor is having a mother with condylomata acuminata; their children have
a more than 200-fold increased chance to acquire RRP (9). Most children with
RRP are vaginally delivered, are delivered in a longer than average delivery, and
have young primi gravida mothers (9,10). The second peak of RRP onset occurs
between 30 and 34 years, and is generally caused by sexual transmission of HPV
(11), where high frequency of oral sex and many lifetime sex partners are key risk
factors (10). The third peak of RRP onset is between 60 and 64, and could be due
to activation of latent HPV infection by loss of immunity through aging (11,12).
Finally, comorbidity like gastroesophageal reflux disease (GERD), or asthma and
the treatment thereof, might influence the clinical course severity in RRP patients
(13,14).
Etiology
By 2015 more than 200 HPV types had been identified (15). Of all RRP patients,
83% to 100% are associated with HPV6 or HPV11 (5,16). Other HPV types such as
HPV16, HPV18, HPV31, HPV33, HPV35, and HPV45 have been associated with RRP
to a lesser extent (17). HPV is a double stranded, non-enveloped DNA virus existing
of 7900 base pairs, belonging to the Papoviridae virus family. The average lifetime
probability of acquiring HPV is between 50% and 100%. It is unclear why only a
fraction of HPV-exposed individuals develop an HPV related disease (18).
The HPV virus initially infects the basal layer through abrasions in the epithelium.
The infected cell migrates to the upper layer of the epithelia and produces virions
(19). Multiplication of the virions can generate an exophytic wart like lesion. The
HPV genome encodes for 9 proteins, seven early region genes, two late region
genes, and a long control (noncoding) region (20). The early genes encode for
proteins that interact with the host cell and enable proliferation of the infected
cell. The late genes encode for structural proteins that encapside the viral genomes
and facilitate transfer (21).
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HPV types can be divided into low risk and high risk HPV types, depending on the
ability to cause a malignancy. Although RRP is associated primarily with the low risk
HPV types HPV6 and HPV11, malignant transformation has been described in 1.6%
to 4% of RRP cases (16,22). HPV negativity in RRP patients is rare at 4.7-5.9%, and
occurs more frequently with adult onset versus juvenile onset, and is associated
with a high relative risk of laryngeal neoplasia or carcinoma in the respiratory tract
(17).
Histopathology
The diagnosis of RRP has to be histologically confirmed by a pathologist. The
histopathological characteristics of RRP are typical exophitic proliferations of the
squamous epithelium, with a core of vascular tissue (23). Microscopic images can
show basal cell hyperplasia, increased mitoses in the basal layers of the epithelium,
nucleomegaly, dyskeratotic cells, and koilocytotic changes (23). Most of the upper
respiratory tract is covered with ciliated columnar epithelium, while the vocal
folds are covered with stratified squamous epitheliumsquamous epithelium.
This epithelial transition zone could be a preferential location for HPV-associated
lesions, as it is in the cervix (24).
Clinical course and treatment
The most common symptom in RRP patients is dysphonia, while stridor and
respiratory distress are also often seen. Less frequently seen symptoms are
dyspnoea, failure to thrive, chronic cough, recurrent pneumonia and dysfagia
(25). There is no curative therapy for RRP patients. The goal of treatment is to keep
the voice functional and the airway open. This is accomplished by surgery, the
mainstay of RRP treatment.
University Medical Center Groningen (UMCG) is a tertiary hospital with a voice
clinic that is an officially recognized expertise center for RRP. Laryngostroboscopy is
performed in all patients with voice problems who have been referred to the UMCG.
Patients suspected of having RRP are planned for surgical intervention. Before the
first surgical intervention, and 3 months after each surgical interventions, the Voice
Handicap Index (VHI) is administered. The VHI is a commonly used, validated quality
of life questionnaire to measure physical, emotional and functional complaints.
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During the first surgical intervention the whole upper airway (nasal cavity,
nasopharynx, hypopharynx, oral cavity, larynx and trachea) is inspected. To compare
the extent of the papilloma in an objective manner, the Derkay/Coltrera score is
used. This systematic scoring system counts the number of anatomical sites and
extensiveness per site of the papilloma (26). During the first surgical intervention, it
is preferable to remove as many RRP lesions as possible because these lesions can
grow if papilloma tissue remains after incomplete surgical excision. The removed
papilloma is sent to the pathologist where histological examination and a type
specific polymerase chain reaction (PCR) HPV typing is performed.
Medication
Additionally to surgery, there are many medical treatments in use to prevent
the recurrence of RRP, and to reduce the burden of RRP patients. Bevacizumab,
celecoxib, cidofovir, HPV vaccine, gastroesophageal reflux disease medication,
indole-3-carbinol, interferon, mumps vaccine and even traditional Chinese
medicine are being used to control the burden of RRP (27,28).
A distinction is made between therapeutic and preventive medicines. Since
1988, cidofovir has been one of the most widely used additional therapeutic
treatments of RRP (29). Cidofovir is an antiviral drug, primarily used for treatment
of cytomegalovirus retinitis in patients with human immunodeficiency virus (HIV).
Cidofovir is a cytosine nucleotide analogue with antiviral activity (30). The HPV
vaccines Gardasil® and Cervarix® are vaccines against HPV16 and HPV18, that are
associated with 70% of cervical cancers (31), and a significant proportion of anal,
oropharyngeal, vulvar, vaginal, and penile cancers. Cervarix® is a bivalent vaccine
and part of the Dutch national vaccination program, while Gardasil® is a quadrivalent
vaccine also containing virus like particles against HPV6 and HPV11. The efficacy of
the quadrivalent vaccine against condylomata is 96% to 100% in the first 4 years
after vaccination (32). Because condylomata are HPV6 and HPV11 correlated like
RRP, the expectation is that the incidence of RRP will decline in countries where the
quadrivalent vaccine is part of the national vaccination program.
Narrow Band Imaging
Narrow Band Imaging (NBI) is an optical image enhancement technology
that improves the contrast between blood vessels and normal soft tissue, and
therewith enhances their visibility. The NBI camera and device are connected to
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the endoscope during examination, and the narrow band light penetrates the
surface of the tissue where it is strongly absorbed by hemoglobin (Figure 2). During
an endoscopy using NBI, the capillaries on the mucosal surface, and the veins in
submucosa are displayed real time on the monitor in brown and cyan, respectively.
NBI is commonly used in visualisation of vascular diseases, and particularly in the
detection of cancer fields (33).

Figure 2. NBI principles with permission of Olympus Nederland B.V.

Objective and outline of this thesis
The objective of this thesis is to shed new light on the diagnosis, clinical course,
and treatment of RRP and the quality of life of RRP patients. It aspires to provide
medical specialists and patients alike with a better understanding of RRP, and
enable more accurate diagnosis and effective treatment of RRP, and therewith
improve the RRP patient’s overall wellbeing and healthcare experience. The thesis
addresses the topics of RRP diagnosis, clinical course, treatment and quality of life
of the RRP patient in distinct parts.
Part I Diagnosis
NBI is a diagnostic tool that visualises vascular patterns by showing the contrast
between vessels and tissue. RRP is known as a vascularised histological disease,
and hence may benefit from the application of NBI as a diagnostic tool. Chapter 2
investigates whether NBI can be used for the detection of RRP lesions, and examines
if the sensitivity and specificity is higher when NBI is used as an additional tool to
discover RRP lesions during surgical intervention.
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Part II Clinical course
To be able to better predict the RRP prognosis, a better understanding of the
clinical course and a better comprehension of the influence of treatment on RRP is
needed. Chapter 3 investigates the impact of age of onset on the clinical course in
patients with RRP associated with either HPV6 or HPV11.
Part III Treatment
No cure for RRP currently exists. Around the world, numerous different treatments
have been used with varying results. One of the accepted treatments was a
combination of surgical intervention and intralesional cidofovir. A high dosage of
cidofovir causes nephrotoxicity and oncogenicity (34). Chapter 4 was intended
as a call for action to laryngologists to participate in research to investigate the
appearance of these side effects in RRP patients that received cidofovir. Chapter 5
describes this worldwide multicentre, retrospective research.
Prophylactic HPV vaccinations are given for protection against cervix carcinoma
since 2006. The quadrivalent vaccine protects not only against the high risk HPV16
and HPV18 but also against the low risk HPV6 and HPV11. Therefore, prophylactic
vaccination with the quadrivalent vaccine is expected to prevent RRP. However,
little is known about immune responses after therapeutic vaccination in patients
already diagnosed with RRP. Chapter 6 describes immunoseroreactivity of HPV6
and HPV11 in RRP patients pre- and post-vaccination with the quadrivalent vaccine
using multiplex HPV serology to determine HPV-specific antibodies response.
Part IV Quality of life
RRP patients can experience social, psychological and physical problems caused by
their voice disorder. Chapter 7 describes the voice problems in patients suffering
from RRP or six other common benign laryngeal disorders based on the change in
VHI measured before and after treatment.
Part V
Chapter 8 provides a general discussion and conclusions of this thesis. It also offers
a perspective on future research areas of RRP. Chapter 9 presents a summary of
this thesis.
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Abstract
Objectives: Recurrent respiratory papillomatosis (RRP) is a rare, benign, wart-like
disease for which no curative treatment exists. Goal of treatment is total surgical
removal of the epithelial lesions in order to keep the airway open and the voice
sufficient. Therefore it is essential to visualize all papillomatous lesions. The present
study aims to evaluate the sensitivity of additional use of narrow band imaging
(NBI) in detecting RRP during microlaryngoscopy.
Study Design: Prospective study.
Methods: Between January and July 2011 patients with RRP underwent
systematic inspection during microlaryngoscopy using conventional white light
(WL) immediately followed by inspection with NBI. Consensus was achieved
about the number of lesions and number of RRP suspect lesions. All lesions were
subsequently excised and sent for histopathological examination.
Results: Eighty-six excisional biopsies were taken in 24 microlaryngoscopies
performed in 14 RRP patients. Eleven out of the 13 additional biopsies taken,
induced by the second inspection with NBI, proved to be papillomata after
histopathological examination. The sensitivity increased from 80% with WL up to
97% with WL+NBI (p<0.01), while the specificity remained poor (32% and 28%,
respectively).
Conclusions: NBI is an additional diagnostic tool increasing the sensitivity of
visualizing papillomata during microlaryngoscopy.
Key words: endoscopy, microlaryngoscopy, imaging, narrow band imaging, NBI,
laryngeal papillomatosis, papilloma, recurrent respiratory papillomatosis, RRP.
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Introduction
Narrow band imaging (NBI) is an in vivo optical image enhancement technique
that increases the visibility of blood vessels on mucosal surfaces. Narrow band light
exists of 2 wavelengths, is strongly absorbed by hemoglobin in blood vessels and
only penetrates the surface of the tissue. The short wave length (390-445 nm) of
the light source penetrates only in the superficial layer of mucosa, and is absorbed
by capillary vessels. Longer wave lengths (530-550 nm) however, penetrate
deeper and are absorbed by more deeply located veins. As a result, under narrow
band illumination, capillaries on the mucosal surface are displayed in the color
brown on the monitor, but veins in the submucosa are displayed in cyan. NBI has
already successfully been used in screening and diagnosis in multiple regions of
aerodigestive tract, including the tracheobronchial tree, esophagus, stomach,
duodenal ampullary, and colorectal region (1,2). Muto et al. introduced NBI in head
and neck oncology, to detect carcinoma at oropharyngeal and hypopharyngeal
mucosal sites (3). Later, the NBI endoscope improved diagnostic accuracy,
sensitivity, and negative predictive value in detecting squamous cell carcinoma
of the head and neck in patients with esophageal cancer (4). Nowadays, NBI is
primarily used in head and neck oncology for better detection, improving location
of surgical margins and for definition of tumor staging (1,5).
Recurrent respiratory papillomatosis (RRP) is caused by human papilloma virus
(HPV) 6 and 11, and is characterized by wart-like lesions spread throughout
the respiratory tract with a preferred location in the larynx. The characteristic
histopathologically appearance of RRP is the typical finger-like projections of
the squamous epithelium each with a core of vascular connective tissue (6).
The incidence of RRP according to the literature is 3.84 per 100,000 (7). Even
though the incidence is very low, the burden for a patient and his/her family can
be very high. Some patients will need over a 100 operations for removal of RRP.
There is no curative therapy. The goal of treatment is total surgical removal of
the epithelial lesions in order to keep the airway open and the voice sufficient.
Papillomata are often missed during microlaryngoscopy due to their small size or
due to granulations as a result of previous interventions in an adjacent area. Small
RRP lesions can grow in areas where papilloma tissue remains after incomplete
surgical excision. Therefore, it is important to visualize the complete RRP lesion for
complete surgical removal. The purpose of this study is to evaluate the sensitivity
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of narrow band imaging (NBI) - as an additional tool - in detecting RRP during
microlaryngosurgery.

Materials and methods
Patients and procedure
The present study was prospectively conducted between January and July 2011 at
the department of Otorhinolaryngology, Head and Neck Surgery of the University
Medical Center Groningen (UMCG), a tertiary referral hospital in the Netherlands.
The human-study internal review board of the UMCG assessed that there were no
needs for permission based on the Dutch Medical Research Law (Wet Medisch
Onderzoek, WMO).
All patients with lesions suspect for RRP or had histopathologically proven history
of RRP, who were planned for routine microlaryngoscopy, were included in the
study. No exclusion criteria were used.
All procedures have been performed under general anesthesia. After orotracheal
intubation the patient’s upper aerodigestive tract was examined by a telescope
indirectly coupled to HDTV (Olympus OTV-S7ProH-HD-12E HD autoclavable
Camera Head, with a 0° telescope Ø5.4mm, Olympus EVIS EXERA CLV-180 light
source, 300 Watt Xenon with Narrow Band Imaging filter, Olympus EVIS EXERA CV180 processor, HDTV). As in the normal procedure, an experienced laryngologist
performed a systematic inspection under conventional white light (WL). During
this inspection he and another doctor (an experienced otolaryngologist in training)
completed a form, which consisted of three questions:
1. How many lesions have you seen?
2. How many RRP suspect lesions have you seen?
3. Where were they located?
The diagnostic criteria used during the two inspections were determined in
advance:
1.	Diagnostic criteria of RRP suspected lesion by conventional WL: a
lesion with multi-nodular growth and possible vascularities in the
respiratory tract.
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2.	Diagnostic criteria of RRP suspected lesion by NBI: a lesion with
typical brown dots or increased intra-epithelial papillary capillary
pattern, within a shimmering pale mass in the respiratory tract.
After the first inspection the two doctors listed the number of lesions, the
number of RRP suspect lesions and their locations. Consensus was obtained after
interpretation of the endoscopic images. Pictures of all lesions were taken with
conventional WL. With the knowledge of the first inspection, the second inspection
was performed in the same way by using NBI. After the second consensus between
the same two doctors, NBI pictures were taken of the lesions.
WL pictures were made of the lesions missed during the first inspection. In this way
every RRP suspect lesion was photographed twice; once using WL and once using
NBI. All lesions, suspect for papilloma or for other pathology, possibly influencing
the voice, diagnosed with any modality (WL and NBI) were then surgically removed
under WL. Following to this procedure, all lesions were separately sent to the
pathologist. The experienced head and neck pathologist with knowledge of RRP
was blinded for detection method.
Statistical Analysis
Sensitivity and specificity for detecting RRP were calculated and compared. The
McNemar’s test was conducted to compare the WL and the combination of WL
and NBI. All tests were two-sided and conducted at the significance level of 0.05.
Analyses were performed with SAS (version 9.2) and Excel (2007).

Results
Twenty-four microlaryngoscopies were performed in 14 patients. The study
population consisted of nine men and five women, with a mean age of 35 years
(range 3-57). Five out of 14 had juvenile RRP: they were diagnosed with RRP when
they were younger than 14 years (8). The additional time necessary to complete the
NBI inspection never lasted longer than five minutes. There were no complications
registered.
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Of the 86 detected and excised lesions, 79 were suspect for papilloma. The
remaining seven biopsies were not suspect for papilloma but for aberrant mucosa
(granuloma or scar tissue, which possibly influence voice). One of these, however,
was histopathologically diagnosed as papilloma.
The group had a mean of 3.3 RRP suspect lesions (range 0-10) per microlaryngoscopy.
In four microlaryngoscopies in patients with a history of RRP, no RRP suspect
lesions were seen. Histopathology revealed 61 papillomata out of 86 biopsies. The
remaining 25 biopsies were not histopathologically considered papilloma.
The clinical findings during endoscopy and histopathological findings are
schematically depicted in Figure 1. Thirteen additional biopsies were taken after
NBI was performed (cases 1-8 in Figure 1). Eleven out of these 13 biopsies (colored
green in cases 1-8, Figure 1) were histopathologically confirmed as papillomata,
but two were not. Without NBI, these eleven papillomata would have been missed.
In two microlaryngoscopies (cases 9 and 10 in Figure 1), two RRP suspect lesions
were seen during inspection with WL, while they did not appear as RRP suspect
during the NBI inspection. Therefore these lesions would have been surgically
removed if only inspected by WL, while in combination with NBI these lesions
would not have been surgically removed. These lesions have been biopsied and
one was histopathologically positive (case 9 in Figure 1) while the other was
negative for papilloma (case 10 in Figure 1).
Based on the observed lesions and histopathology the sensitivity and the
specificity of conventional WL in detecting papillomata was 80% (49 of 61) and
32% (8 of 25), respectively (Table 1). The sensitivity and the specificity of WL in
combination with NBI were 97% (59 out of 61) and 28% (7 of 25), respectively
(Table 2). Using McNemar’s test, the p-values for testing equality of sensitivity and
specificity separately between WL and WL in combination with NBI were obtained
at p<0.01 and p= 1.0, respectively, using an exact calculation.
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Figure 1. Figure showing the number of additional biopsies taken in individual microlaryngoscopies because
of NBI-induced presumed presence of papilloma, and the corresponding histopathological diagnosis. Hist
P+: Histopathologically confirmed papillomata. Hist P-: Histopathologically not confirmed as papillomata.

histopathology
papilloma

nonpapilloma

White light
Lesion suspect for papilloma

49

17

Lesion not suspect for papilloma

12

8

61

25

Table 1. Clinical and histopathological results of WL in detecting papillomata. Total number of biopsies is 86.

histopathology
papilloma

nonpapilloma

White light + NBI
Lesion suspect for papilloma

59

18

Lesion not suspect for papilloma

2

7

61

25

Table 2. Clinical and histopathological results of WL in combination with NBI in detecting papillomata. Total
number of biopsies is 86.
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Figure 2, Figure 3 and Figure 4 show cases where RRP lesions were missed
using WL, but where they were visualized during the second inspection by NBI.
Histopathologically all these lesions were positive. The figures demonstrate
that there is much greater contrast between lesion and healthy tissue with
NBI inspection than in inspection with conventional WL. Figure 5 shows a HE
(hematoxylin and eosin) stain with the typical RRP finger-like projections of the
squamous epithelium with a core of vascular connective tissue. This lesions was
not seen using conventional WL but clearly presented itself using NBI.

a

b

Figure 2. (a) Endoscopic view of the trachea with optical focus on most proximal (4th) tracheal ring. No
lesions were seen using conventional white light. (b) With narrow band imaging inspection, these lesions
cleared up, and were histopathologically confirmed as papillomata. Visible are several typical brown dots
(black arrows) within a shimmering pale mass.

a

b

Figure 3. (a) Endoscopic view of the aryepiglottic fold. No lesions were seen using conventional white light.
(b) With narrow band imaging inspection these lesions cleared up and were histopathologically confirmed
as papillomata.
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Figure 4. (a) Endoscopic view of the epiglottic. No lesions were seen using conventional white light. (b) With
narrow band imaging inspection these lesions cleared up and were histopathologically confirmed as
papillomata.

Figure 5. Typical recurrent respiratory papillomatosis finger-like projections of the squamous epithelium
(arrow). The core of vascular connective tissue (arrowhead) (magnification, 100).
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Discussion
To the best of our knowledge, this is the first study describing the additional
use of NBI in combination with WL in the diagnosis of RRP. This novel technique
significantly increases the sensitivity of detecting RRP. Eleven additional
papillomata were found, while only one papilloma was missed by NBI while seen
by the WL inspection. Capillary vessels in RRP absorb the narrow band light and
show typical brown or increased intra-epithelial papillary capillary pattern within a
lobular shimmering pale wart-like mass.
A concern of the study is the estimation of specificity. It is ethically unjustified
to take biopsies of healthy tissue without lesions. This issue can explain the low
specificity. Piazza et al. showed that the number of false positives using NBI are
related to the period of practicing with the NBI and is the highest in the first 6
months (9). The endoscopist in our series had no previous experience with NBI.
Therefore, a learning curve of the new technique can be expected, which can
lead to less false positive results and a better specificity. The specificity slightly
decreased from 32% to 28% with additional use of the NBI. However, this decrease
is out weighted by the improvement in sensitivity (or false negatives), which
increased from 80% to 97%.
Eleven additional histopathologically confirmed papillomata were found by NBI.
These papillomata were seen in seven out of 24 different microlaryngoscopic
interventions. This implies that approximately for every 3.4 interventions additional
papillomata are found in case NBI is used as additional tool.
In retrospect it is remarkable that eleven seemingly obvious RRP lesions were
missed during the WL examination. After having used NBI, some of these lesions
could easily be visualized using WL. Two reasons can explain this phenomenon.
On one hand, higher optical zoom was used while taking the WL pictures than
during the laryngoscopic procedure. On the other hand there is foreknowledge of
narrow band imaging.
Although the otorhinolaryngologists found NBI simple to use (one button to
switch between WL and NBI), the NBI method has some limitations. NBI is less
suitable during surgery where high amounts of blood are released, because the
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narrow band light is absorbed by the bloody environment. This leads to darker
images.
In the study setup we aimed to optimize the study design by adding a second
observer during microlaryngoscopy. The advantage of the chosen study design
over a patient control study is that all individual variables did not give bias.
Unfortunately a crossover study was clinically impossible to arrange.
During inspection, the otorhinolaryngologists felt that they could better
separate papilloma from healthy tissue with NBI than without. In some cases
the otorhinolaryngologist decided to take a wider margin in response to the NBI
inspection. The potential curative effect of this wider margin is not analyzed in this
study, and should be investigated in future studies.
The purpose of this study was not to demonstrate the clinical outcome of NBI.
It cannot determine whether the additional use of NBI decreases the recurrence
rate or the number of surgical interventions. In addition the authors experienced
that RRP can be earlier visualized and therefore it is easier to remove, causing less
damage by surgical excision than if it were larger.

Conclusion
This is the first study showing increased sensitivity of histopathologically confirmed
RRP lesions using NBI as an additional technique as compared with conventional
WL alone.
In conclusion: NBI is an additional diagnostic tool that increases the sensitivity of
visualizing RRP during microlaryngoscopy. Since this is the first report of using NBI
in RRP patients, there remains much research to be done.
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Abstract
Background: Recurrent respiratory papillomatosis (RRP) is mainly associated with
HPV6 or HPV11. The aim of this study is to compare clinical outcome, aggressiveness
and treatment response between HPV6 and HPV11 associated RPP.
Methods: A retrospective cohort of 55 RRP patients (1974-2012) was used. Surgical
interventions (n=814) were analyzed, and complications scored. HPV6/11 specific
PCR was performed on RRP biopsies.
Results: Seventy-six percent (42/55) of patients were infected with HPV6 and 24%
(13/55) with HPV11. The HPV11 group had anatomically more widespread disease.
The expected number of surgical interventions was higher in the younger age
(<22.4 years) HPV11 group, and the older age (>22.4 years) HPV6 group. Regardless
of HPV type, earlier age of onset of RRP resulted in a higher number of surgical
interventions.
Conclusions: Anatomically HPV11 associated RRP behaves more aggressively.
Young age HPV11 and old age HPV6 patients experience a worse clinical course
of RRP.
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Introduction
The human papilloma virus (HPV) is a small double-stranded DNA virus (1). Since it
was firstly described, more than 90 HPV types have been found (2). HPV has been
reported to cause cervical cancer, anogenital warts, tonsillar cancer and recurrent
respiratory papillomatosis (RRP) (3,4). Two low-risk HPV types, HPV6 and HPV11,
occur in 83-100% of RRP cases, and these types are generally assumed to be a
causative factor in RRP (5-11).
Traditionally, two clinical forms of RRP are recognized: the juvenile onset type
(JoRRP) and the adult onset type (AoRRP). Two forms are differentiated by the age
of onset, which for the former is usually below 18 years, and for the latter beyond
18 years. Omland et al. calculated an incidence of 0.17 per 100.000 for JoRRP and
0.54 per 100.000 for AoRRP (12).
Frequent surgical ‘debulking’ or removal of the RRP lesions is necessary to preserve
the vocal folds for good phonation and to avoid dyspnea and tracheotomy.
Multiple adjuvant therapies (e.g., cidofovir, bevacuzimab and interferon) have
been used with variable success to limit the growth of papilloma (13).
Many studies showed that a worse clinical course is attributed to HPV11 (reviewed
in (14)). However, others find that HPV6 is associated with a more aggressive
behavior (10,15,16). In addition to HPV type, age of onset has an important
influence on the disease course of RRP (14). Finally also comorbidity like asthma
or gastroesophageal reflux disease (GERD) can worsen the clinical course of RRP
(17,18).
Knowledge of the clinical course could help to differentiate between treatment
effects and the natural course and could thus help to describe the real effectiveness
of treatment modalities. Understanding of disease influencing variables like age
of onset, HPV type and comorbidities might help to better predict an individual
disease course.
The aim of this study is to determine the difference in clinical course of RRP
associated with the presence of either HPV6 or HPV11. For this purpose, we
collected 76 pathologically confirmed RPP patients. A multivariate statistical
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model, combining HPV type with age of onset, comorbidity and length of disease,
was developed to describe severity of disease.

Material and methods
Patients’ charts, surgical reports, video and photographic documentation of all 76
RRP patients of the Department of Otorhinolaryngology/ Head & Neck Surgery
of the tertiary referral hospital University Medical Center Groningen (UMCG),
University of Groningen, the Netherlands, and their surgical interventions were
retrospectively analyzed. Inclusion criteria were: [1] histological confirmation of
RRP by an experienced ENT-pathologist and [2] the presence of HPV6 or HPV11.
Biopsy and resection material of the included patients were available in our
pathology archives. Prevention of patient identification was provided by coding
all patients with anonymous numbers. This study was performed according to the
Code of Conduct for proper secondary use of human tissue in the Netherlands, as
well as to the relevant institutional and national guidelines (19).
All patient charts were reviewed on date of birth, gender, date of diagnosis,
comorbidities (GERD and asthma), follow-up, total number of surgeries and
complications associated with RRP (carcinoma, tracheotomy). All surgical
interventions (n=814) were analyzed for surgical technique (cold steel, CO2 laser and
microdebrider) and adjuvant treatment (cidofovir). For 342 surgical interventions
comprehensive surgical reports, video and photographic documentation were
available. The surgical reports or photographic documentation of 472 surgical
interventions were incomplete for scoring. The 342 surgical interventions for
which documentation was complete, were scored for the number of anatomical
sites and extensiveness per site of the papilloma by the Derkay/Coltrera Score
(20) and the three stage Dikkers score (21). An independent researcher checked
accuracy of the scoring.
For each patient a stored paraffin block from the first biopsy with histopathologically
confirmed papilloma was selected. An experienced pathologist revised all biopsies
to confirm the presence of papilloma. When the quality or quantity of the first
biopsy was not sufficient for analysis with polymerase chain reaction (PCR), the
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next sufficient biopsy was used. HPV negative biopsies were retested with the
same technique.
HPV type specific Polymerase Chain Reaction
DNA was extracted from paraffin embedded tissue of RRP biopsies. A hundred
nanogram of this DNA was analyzed by PCR on high-risk HPV, using HPV16
and HPV18 specific primers as described in literature (22). The detection of the
presence of the low-risk HPV6 and HPV11, genomic DNA was analyzed using
specific HPV6-PCR-primers (HPV 6.1: 5’ TAGTGGGCCTATGGCTCGTC and HPV 6.2:
5’ TCCATTAGCCTCCACGGGTG) and specific HPV11-PCR- primers (HPV 11.1: 5’
GGAATACATGCGCCATGTGG and HPV 11.2: 5’ CGAGCAGACGTCCGTCCTCG ) (23). A
general HPV PCR using the HPV consensus primer set GP5+/6+ with subsequent
nucleotide sequence analysis was used on all HPV6/11-negative cases (22).
In all tests a serial dilution of DNA extracted from CaSki (ATCC; CRL1550; 500
integrated HPV16 copies), HeLa (ATCC; CCL2; 20–50 integrated HPV 18 copies), SiHa
(ATCC; HTB35; 1– 2 integrated HPV16 copies), CC10B (HPV45-positive cell line) and
CC11 (HPV67 positive cell line), and HPV-negative cell lines were included as control
for the analytical specificity and sensitivity of each hrHPV-PCR. DNA extracted from
HPV6- and HPV11-positive laryngeal papillomas that were previously identified,
was used for the analytical specificity of the HPV6 and HPV11 PCR.
Contamination of amplification products was prevented by using separate
laboratories for pre- and post-PCR handling, and applying all standard precautions.
Cross-contamination was prevented by using a new microtome blade any time
a new case was sectioned. For quality control, genomic DNA was amplified in a
multiplex PCR containing a control gene primer set resulting in products of 100,
200, 300, 400 and 600 bp according to the BIOMED-2/Euroclonality protocol (24).
Only DNA samples with PCR products of 300 bp and larger were used for the
detection of HPV. All samples were tested on DNA extracted from two independent
slides (duplicates).
Statistical analysis
The HPV6 and HPV11 groups were compared on demographics, surgical
interventions and characteristics indicating disease severity. The Fisher’s exact test
was used for categorical variables and the t-test was used for numerical data. The
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Mann-Whitney test was applied when the numerical data did not seem to follow
a normal distribution. Analyses were performed using PASW statistics version
20.0 (SPSS Inc., Chicago, IL, USA) and SigmaPlot version 10.0 (Systat Software Inc.,
Chicago, IL, USA).
An independent researcher performed an accuracy check of the anatomical part
of the Derkay score and the Dikkers score on 40 (12%) of the 342 scored surgical
interventions (power analysis described by Walter et al.: n=2, α=0.05, β=0.20,
ρ0=0.6 and ρ1=0.8 (25)). These surgical interventions were selected by ‘random
sample’ modus in SPSS. Accuracy between observers of the Derkay anatomical
score was assessed by a one-way random effects analysis of variance mode, from
which the intraclass correlation coefficient was estimated.
To determine the expected surgical intervention course, a new model was
generated. For this model the total number of surgical interventions was analyzed
with a negative binomial distribution, an extension of the Poisson distribution to
address overdispersion. The analysis involved three steps. The first step screened
statistically relevant variables that influence the number of surgical interventions.
The effect of this variable was used to correct for (the logarithmically transformed)
follow-up time, since longer follow-up time is expected to be associated with
larger numbers of surgical interventions. Variables were selected when the p value
would be less than 0.25. The second step made a multivariate model that includes
HPV6 and 11, the selected variables, and all possible interaction effects of the
type of HPV and these variables, again corrected for follow-up time. The third step
entailed backward elimination to eliminate non-significant terms from the model,
always keeping the model hierarchical. The level for the p value for backward
elimination was equal to 0.05. The final model indicated whether the type of HPV,
possible through an interaction, would affect the number of surgical interventions.
Variables that were investigated were age at first surgical intervention, sex, GERD,
asthma and the percentage of surgical technique per patient (CO2 laser, cold steel
surgery and microdebrider). The average number of operations was modeled
through the log link function. The analysis was conducted with the GENMOD
procedure of SAS® (SAS institute Inc, Cary, North Carolina), version 9.3.
Categorical variables are presented as number (percentage). Normally distributed
variables are presented as mean ± standard deviation. Not normally distributed
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variables are given as medians [interquartile range]. P value of <0.05 was considered
as statistically significant. Absolute reliability was assessed by the standard error of
measurement and 95% limits of agreement.

Results
Seventy-six patients were registered with RRP at the Department of Pathology,
UMCG, between 1974 and 2012 (Figure 1). Seven patients were excluded due to
absence of biopsies. Fourteen patients were excluded because no HPV6, HPV11
or other low/high risk HPV types were detected. Fifty-five patients were included
for further analysis. Seventy-six percent of patients (42/55) were infected with
HPV6 and 24% with HPV11 (13/55). No patients were infected with both HPV6 and
HPV11. One patient infected with HPV6 was coinfected with HPV33. None of the
other included patients were coinfected with HPV16 and HPV18, or other high-risk
HPV types.

Figure 1. Flowchart of included and excluded Recurrent Respiratory Papillomatosis patients.
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The 55 HPV6/11 positive patients underwent a total of 814 (100%) surgical
interventions. Information on the surgical technique and adjuvant therapy was
available for 602 (74%) surgeries. Video and/or photographic material of 342 (42%)
surgical interventions were available for scoring of the Derkay/Coltrera and Dikkers
score. The intraclass correlation coefficient for the Derkay score between the
two observers was 0.845 (p<0.001). Accuracy between observers of the Dikkers
score was assessed by Kappa statistics for ordinal variables on the same surgical
interventions. Interrater agreement was found to have a Kappa of 0.817 (p<0.001).
No statistically significant differences were found between visually scored and
textually scored surgical interventions for either the Derkay/Coltrera score or
the Dikkers score (p=0.691 and p=0.892 respectively). Therefore the visually and
textually scored Derkay and Dikkers scores were considered reliable. Table 1 shows
the demographic characteristics and surgical technique per group. A statistically
significant higher number of patients infected with HPV11 had asthma (p=0.009)
although the number of patients with asthma represents only 5 cases (9.1%).
Patients
Sex

Male
Female
Age at diagnosis in years
RRP type
JoRRP
AoRRP
Co morbidities
Asthma
GERD
Treated with cidofovir
Duration of follow-up in years
Surgeries
Surgical technique:
Only cold steel
CO2 laser
Microdebrider

n=55

HPV6
n=42
32 (76.2)
10 (23.8)

HPV11
n=13

p value
0.709

43 (78.2)
12 (21.8)
34 [21-44]

35 [23-45]

11 (84.6)
2 (15.4)
28 [6-39]

12 (21.8)
43 (78.2)

8 (19.0)
34 (81.0)

4 (30.8)
9 (69.2)

0.448

5 (9.1)
2 (3.6)
31 (56.4)
9.4 [3.5-16.5]

1 (2.4)
2 (4.8)
25 (59.5)
8.5 [3.5-14.0]

4 (30.8)
0 (0.0)
6 (46.2)
13.5 [4.4-23.8]

0.009
1.000
0.525
0.148

N=602

HPV6
n=365

HPV11
n=237

330 (54.8)
235 (39.0)
37 (6.1)

239 (65.5)
99 (27.1)
27 (7.4)

91 (38.4)
136 (57.4)
10 (4.2)

0.171

<0.001*

Table 1. Demographic characteristics and surgical technique compared between RRP patients infected with
HPV6 (n=42) and HPV11 (n=13). Categorical data are presented as number (percentage). Not normal
distributed variables are presented as median [interquartile range]. *By Chi square test.
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More cold steel surgeries were performed in the HPV6 group (p<0.001). On the
other hand more CO2 laser surgeries were performed in the HPV11 group (p<0.001).
Figure 2 shows the trend of surgical technique and the proportion of the diagnosis
of HPV6 and HPV11 through time.
The surgical course over time per patient is presented in Figure 3. There is a wide
variety in the number of surgical interventions, range 1-152 (respectively 2-78 for
HPV6 patients and 1-152 for HPV11). Surgical intervals varied from 4 days to 34
years. At the start of the disease the surgical frequency is high in both HPV groups.
The frequency of surgical interventions on average is reducing with follow-up
time; this was demonstrated in the statistical analysis of the number of surgical
interventions (p<0.001).

Figure 2. Percentage of used surgical techniques and the number of new diagnosed Recurrent Respiratory
Papillomatosis patients with HPV6 and HPV11 through time.
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Figure 3. Follow-up with all surgical interventions per patient by age of the patient. Patients are grouped on
HPV6 (n=42) or HPV11 (n=13). *Exact number of surgical interventions known per period, exact day/month
unknown.

Table 2 summarizes the surgical outcome compared between patients with HPV6
positive and HPV11 positive RPP. The results have been split up in a section per
patient and a section per surgical intervention.
Although the mean number of surgical interventions is much higher, the median
number of surgical interventions per patient was 6 (range 2-78) for HPV6 patients
and 5 (range 1-152) for HPV11 patients, yielding no statistically significant difference
(p=0.889). No statistically significant differences were found in surgical frequency
in the first year per patient or in peak surgical frequency per patient.
HPV11 patients had a statistically significant higher number of anatomical locations
of the papillomata (by the Derkay/Coltrera score) in the respiratory tract than HPV6
patients (p<0.01). However, the Dikkers score per surgical intervention (p=0.274)
did not differ statistically between groups. As a consequence the Derkay/Coltrera
anatomical score per surgical intervention was higher in the HPV11 group (p<0.01).

46

Clinical course of HPV6 and HPV11

Results per patient
Total number of surgeries per patient
Peak surgical frequency per year
Surgical frequency in the first year
≥10 surgical procedures
Frequency ever ≥4 per year
Extralaryngeal involvement
Distal involvement
Tracheostomy
Malignancy
Results per surgery
Total number of surgeries
Anatomical Derkay/Coltera score
Number of anatomical locations*
Dikkers score
1
2
3

HPV 6
n=42

HPV 11
n=13

p value

6 [4-10]
3.8 ±2.2
3.1 ± 2.2
12 (28.6)
20 (47.6)
5 (11.9)
1 (2.4)
0 (0.0)
0 (0.0)

5 [3-38]
4.2 ± 6.0
3.2 ± 3.7
4 (30.8)
4 (30.8)
5 (38.5)
3 (23.1)
2 (15.4)
0 (0.0)

0.889
0.788
0.903
1.000
0.349
0.045
0.037
0.053
1.000

254
6.1 ± 3.4
2.6 ± 1.4

88
7.1 ± 4.7
3.0 ± 1.4

<0.01
<0.01

95 (37.4)
28 (11.0)
131 (51.6)

27 (30.7)
7 (8.0)
54 (61.4)

0.274†

3

Table 2. Outcome characteristics per patient and per surgical intervention compared between HPV6 (n=42)
and HPV11 (n=13) infected RRP patients. Categorical data are presented as number (percentage). Normal
distributed variables are presented as mean ± standard deviation. Not normal distributed variables are
presented as median [interquartile range]. * By the Derkay/Coltrera score. †By Chi square test.

Patients infected with HPV11 had statistically significant more often extralaryngeal
spread of the papillomata (for instance in the nose, pharynx or the trachea) than
HPV6 infected patients (38.5% of HPV11 patients vs. 11.9% of HPV6 patients,
p=0.045). HPV11 patients did have more distal involvement of papillomata (trachea)
(23.1% vs. 2.4% respectively, p=0.037). Tracheotomies were only performed in the
HPV11 group (in 1995 and 2008).
To describe the number of expected surgical interventions at any moment
after diagnosis a model was designed on the patient population of 55 patients
with their 814 surgical interventions. This model shows the influence of age of
onset, HPV type (HPV6 or HPV11), co-morbidities and time after diagnosis. The
percentages of surgical techniques used for a patient (CO2 laser, cold steel surgery
and microdebrider) were initially selected to build the multivariate model, but
they did not contribute significantly to the final model. Figure 4 shows the visual
representation of the clinical course of 5 exemplary patients (age of onset 1 year, 5
years, 20 years, 40 years and 60 years) with either HPV6 or HPV11, corrected for the
influence of asthma and GERD.
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Figure 4. Outcome of the statistical model describing the difference between HPV6 and HPV11 patients
concerning the expected number of surgical interventions in years after diagnosis for five exemplary groups
(age 1 year, 5 years, 20 years, 40 years and 60 years)(resp. p<0.001, p<0.001, p=0.074, p<0.001 and p<0.001).
A correction was made for the influence of gastroesophageal reflux disease and asthma.

Patients with a young age of onset are likely to run a more relapsing and
longstanding course of the disease with a higher surgical frequency. Irrespective
of age of onset, the surgical frequency is the highest in the first years, decreasing
each year after diagnosis. At age of diagnosis of 1 year and 5 years the predicted
number of surgeries is higher for HPV11 patients (resp. p<0.001 and p<0.001).
At age of diagnosis of 40 years and 60 years the predicted number of surgical
interventions is higher for HPV6 patients (resp. p<0.001 and p<0.001). At young
age, HPV11 infected patients are expected to undergo more surgical interventions
than HPV6 infected patients. At older age, however, patients are expected to
undergo more surgical interventions when infected with HPV6 in comparison to
patients infected with HPV11. Statistically the estimated switch point of this effect
is at 22.4 years of age.
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Discussion
Patients suffering from RRP will experience severity of disease on several
parameters. Amongst them are number of surgeries, and comorbidity of disease as
tracheostomy and development of malignancy. This study shows aggressiveness
of the clinical course between HPV6 and HPV11 infected patients with RRP.
The focus of this study was to investigate the clinical course of RRP associated with
the two most reported causal HPV types, HPV6 and HPV11. More HPV6 patients
than HPV11 patients were included. In literature there is a wide variety in incidence
of HPV6 and HPV11 in RRP (26). The causal factor might be the difference in
geographic spread of both HPV types (27). In fourteen (20%) of the 69 RRP patients
with histologically proven RRP neither HPV6, nor HPV11 was detected. These
patients were not included in this study. Twenty percent is high in comparison to
percentages mentioned in literature (0-17%) (5,6,8,10,11). We expect this value to
normalize with a larger cohort. Using analytically sensitive PCR, no patients with
both HPV6 and HPV11 were found. Other researchers using the same HPV typing
modalities found 2-14% of double infected patients (6,10,15). Both JoRRP patients
and AoRRP patients were included to describe the influence of HPV type on RRP
for all ages of onset.
In this study, we compared HPV6 and HPV11 positive patients. Approximately 80%
of the population was male, in agreement with earlier reports (8,12,14). Lower
age of onset has been described as an important predictor for a worse clinical
course (14,28,29). We found no difference in age of onset between groups and
therefore groups were comparable. The higher number of AoRRP patients against
JoRRP patients in these studies is in accordance with the population described by
Omland et al (12). Derkay et al. however described a higher incidence of JoRRP
(30), which could be due to the worldwide difference in HPV rates (27).
There was no difference in the number of patients with gastroesophageal reflux
disease (GERD). Prevalence of asthma in this study was comparable with the
prevalence of asthma in the Netherlands (31). A higher number of patients with
asthma was found in the HPV11 group, which could potentially have worsened
the clinical course. Due to the earlier described influence on disease course the
statistical model was corrected for GERD and asthma.
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Significantly different surgical techniques were used for either HPV6 of HPV11
patients, without the surgeon taking the causative virus as a decisive factor
in choosing the established surgical technique. As shown in Figure 2 the used
surgical technique was time related, due to a changing vision on effectiveness
of the different techniques. In line with common opinion, CO2 laser is almost not
used anymore in the treatment of RRP. In the multivariate analysis on the total
number of surgeries the surgical technique (either CO2 laser, cold steel surgery
or microdebrider) did not significantly correlate with the number of surgical
interventions. Other researchers did not find a difference in disease eradication
between surgical techniques either (28).
Interestingly HPV11 patients had statistically significantly more extralaryngeal
spread of their papillomata. This has not been described in literature. In various
studies 6-25% of JoRRP patients had distal spread (14,32). There are no reported
numbers of distal spread in AoRRP. We observed that 7.3% of all patients had
distal spread (table 2). Interestingly this was more prominent within the HPV11
group. A few studies associated distal spread with incurable papillomas in the lung
and eventually lung cancer (7,33-35). No such complications were found in this
research.
None of the included patients developed a malignancy from RRP. In other studies,
the presence of HPV6 and/or HPV11 was associated with malignant progression in
2-33% of the RPP cases (10,36,37). Because HPV6 and HPV11 are considered lowrisk HPV types, other factors might be responsible for progression. The coinfection
with a high-risk HPV has been suggested to be associated with malignant
progression (26). This is in good agreement with our findings that none of the
HPV6/11 positive RPP cases tested positive for HPV16/18 and none of our cases
progressed to cancer with a median follow-up time of 9.4 years (table 1).
Limitations of this study include those inherent to a retrospective study. Therefore
we were not able to perform the analysis of the Derkay/Coltrera and Dikkers score
on all 814 surgical interventions. This could have influenced the outcome of the
Derkay/Coltrera and the Dikkers score. But because of the long follow-up the
scored number of interventions is still very high, this minimizes the effect of missing
surgical data on outcome. Results show a higher Derkay/Coltrera score per surgery
for the HPV11 group. This means that HPV11 patients had papillomata at more
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anatomical sites (by the Derkay/Coltrera score) and that these papillomata were
more extensive per site. No statistically significant difference in the Dikkers score
was found. This can be explained by the fact that the Dikkers score is designed for
clinical use with therapeutic intent, and this scoring system differentiates between
more extensive anatomical differences than the Derkay/Coltrera score does.
Therefore we advocate to use the Derkay/Coltrera score in future studies, which
describes the amount of papillomata.
A multivariate statistical model, combining HPV type with age of onset and time
after diagnosis, was applied to study the aggressiveness of the disease course.
Until now less complicated models for disease aggressiveness were described
in literature, but our model clearly shows that both HPV type and age of onset
are correlated with surgical intervention course. The analysis using this model
revealed that a higher number of surgical interventions in RRP patients was
correlated with a young age of onset. This multivariate statistical model shows a
positive logarithmic curve corresponding with more surgical interventions in the
first years of the disease, as we call the ‘modulating phase’. A higher number of
surgical interventions at the beginning of the disease may have two causes. Firstly,
RRP is characterized by a more aggressive course at the beginning of the disease.
Secondly, at presentation patients have too widespread or extensive RRP to control
at once. This is especially the case with bilateral glottic papillomas, where surgery
in two steps is needed to avoid web formation.
Little is known about the etiological and immunological factors, which could
explain differences in clinical course of RRP between HPV6 and HPV11. Further
research is needed to analyze viral mechanisms of HPV6 and HPV11 and the
cellular response to these viruses.
Our data show that even after 34 years the symptoms can relapse. Considering
this, it is more accurate to use the term ‘clinical remission’ rather than ‘the cure’ of
RRP.
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Conclusion
HPV11 infected RRP patients have a higher number of papillomata, which are also
more widespread in the respiratory tract in comparison with patients infected with
HPV6. Therefore, HPV11 is associated with higher Derkay scores than HPV6.
The expected surgical frequency in patients with RRP is highest in the first years after
diagnosis. Furthermore HPV11 induces a worse surgical prognosis. This difference
is more pronounced in patients with a younger age of onset. Our statistical model
indicates that there is a switch point for this effect of age in combination with
HPV type. This would mean that at a higher age HPV6 infected patients need to
undergo more surgical interventions, but further research with larger numbers is
needed to confirm this finding. The symptom free period should more accurately
be called ‘clinical remission’, as our data shows that RPP can recur even after 34
years.
This research shows the need for HPV typing in research on RRP treatment to
determine the true effect of the treatment modality corrected for the influence
of HPV type.
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Recurrent respiratory papillomatosis (RRP) is caused by a human papilloma virus
(HPV). It is a rare, sometimes debilitating disease compromising voice and airway.
RRP is characterized by a variable course of disease, potentially leading to frequent
annual surgical procedures, the number of which may exceed a hundred during
the life time. The therapy focuses on surgical removal of the mucosal lesions in order
to keep the airway open and the voice satisfactory. By now, there is no curative
therapy for the virus infection in itself. As recurrent surgery alone has proven to
be insufficient in many cases, adjuvant therapy is increasingly being used. One of
the mainstays of adjuvant therapy is the administration of intralesional cidofovir
(Vistide®).
Cidofovir is an antiviral agent, registered for the treatment of cytomegalovirus
(CMV) retinitis in patients with AIDS. Since 1998 the drug has been used to treat
patients with RRP (1). Cidofovir can be regarded as a prodrug. It exerts the antiviral
effect by decreasing the efficiency of DNA transcription following incorporation
into the growing DNA chain (2). Its use has been advocated in cases of papilloma
refractive to repeated surgery, either due to its spread, or to its recurrence rate.
Some case reports and series showed the effect of cidofovir treatment with few
or no side effects (3-8). The only prospective double blind randomized controlled
trial showed a significant improvement in the Voice Handicap Index between the
cidofovir and placebo group but failed to show significant benefit in number of
procedures performed (9).
On January 31st 2011 alarming news was communicated by Gilead (the producer
of cidofovir) concerning very serious side effects of its off-label use (10). The
warning included reports on nefrotoxicity, neutropenia, oncogenicity and even
some fatalities. The manufacturer emphasized that cidofovir is formulated for
intravenous infusion only and the indication is CMV infection of AIDS patients. The
manufacturer did not specify the severity of the reported complications, neither
the off-label indication of the drug nor its way of administration. Unfortunately, up
to the end of May 2011 the above mentioned communication was not received by
the laryngologists in most of the countries.
The warning caused a lot of discussion within the European Laryngological
Society (ELS). The ELS (having >350 active members) is the main laryngological
organization in Europe, representing laryngologists from more than 55 countries
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on all continents (www.elsoc.org). The ELS has taken its responsibility and initiated
a research project on the side effects of off-label use of cidofovir in RRP patients.
The purpose of such a study is to determine whether there are known nefrotoxic,
neutropenic, or oncogenic side effects after having used intralesional cidofovir
in patients with RRP. Facts are needed to decide whether or not intralesional use
of cidofovir in the larynx is safe or not. Side effects might be dose dependent,
and occur as a consequence of the number of administrations, the interval
between applications or the cumulative dose. To determine the aforementioned,
a multicenter retrospective analysis has been initiated among members of the
ELS for which, amongst others, all members of its Scientific Council have been
approached.
Parallel to the retrospective study we are conducting an update on reported side
effects in the literature.
Reports of the studies will be submitted for publication in the official journal of the
ELS, the European Archives of Otorhinolaryngology, Head & Neck Surgery.
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Abstract
Objectives: Intralesional use of cidofovir (Vistide®) has been one of the mainstays of
adjuvant therapy in patients with recurrent respiratory papillomatosis (RRP) since
1998. In 2011, a communication provided by the producer of cidofovir addressed
very serious side effects concerning its off-label use. As this was a general warning,
it was inconclusive whether this would account for its use in RRP. The aim of this
study is to determine whether nephrotoxic, neutropenic, or oncogenic side effects
have occurred after intralesional use of cidofovir in patients with RRP.
Methods: Update of recent developments in RRP, a multicentre questionnaire and
a multicentre retrospective chart review.
Results: Sixteen hospitals from eleven countries worldwide submitted records of
635 RRP patients, of whom 275 were treated with cidofovir. RRP patients received
a median of 3 intralesional injections [interquartile range 2-6]. There were no
statistical differences in occurrence of neutropenia or renal dysfunction before and
after cidofovir. There was no statistical difference in occurrence of upper airway
and tracheal malignancies between the cidofovir and the non cidofovir group.
Conclusions: In this retrospective patient chart review, no clinical evidence was
found for more long-term nephrotoxicity, neutropenia or laryngeal malignancies
after the administration of intralesional cidofovir in RRP patients.
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Introduction
Recurrent respiratory papillomatosis (RRP) is a rare, sometimes debilitating disease
compromising voice and airway. It is characterized by a variable course of disease,
potentially leading to frequent surgical procedures, the number of which may
exceed a hundred during a life time.
Epidemiology
The disease has been reported in people aged 1 day through 84 years (1). The
first peak incidence occurs at an age before 5 and the second between 2040 years of age (2,3). The incidence of juvenile onset recurrent papillomatosis
(JoRRP) is approximately 0.17- 4.3 per 100.000 and approximately 0.54-3.94 per
100.000 in adult onset recurrent respiratory papillomatosis (AoRRP). The disease is
predominantly seen in male (1,3-5). Most JoRRP patients are firstborns, and have
young prima gravida mothers (6,7). A child has 200 fold increased risk of acquiring
RRP if the mother has condylomata acuminata (6).
Etiology
RRP is caused by the low risk human papilloma virus (HPV) types 6 and 11, where
HPV 11 is associated with a more aggressive course (8). However, other types
of HPV are associated with RRP as well (9). The clinical recurrence is due to the
activation of latent HPV DNA infection in normal appearing mucosa (10,11). There
is no consensus in the literature on HPV typing and the malignant transformation
of RRP. In general, the most frequently reported risk factors for head and neck
squamous cell carcinomas are alcohol and smoking. A substantial portion of
oropharyngeal cancers are associated with oncogenic HPV types 16 and 18 (12).
Histology
The characteristic clinical appearance of papillomata is that of multinodular
growth, each with a core of vascular connective tissue covered by stratified
squamous cell epithelium (13). A papilloma is histopathologically typified by basal
cell hyperplasia, increased mitoses in the basal layers of the epithelium, koilocytotic
changes, nucleomegaly, and dyskeratotic cells (14). The reported incidence of
malignant transformation ranges from 1.6% to 4% (15,16).
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Clinic
Dysphonia is the most common presenting symptom of RRP for patients of all
ages. Stridor and obstruction are less common, and are almost exclusively seen in
childhood. Therapy focuses on repeated surgical removal of the mucosal lesions
in order to keep the airway open and the voice satisfactory (17). Up till now, no
curative therapy exists for the virus infection itself. As repeat surgery alone is
insufficient in many cases, adjuvant therapy is increasingly used e.g. interferon,
bevacizumab (Avastin®), human papillomavirus quadrivalent (Types 6, 11, 16, and
18) vaccine (Gardasil®). One of the most commonly used adjuvant therapies is the
administration of intralesional cidofovir (Vistide®).
Cidofovir
Cidofovir is an antiviral agent, registered for intravenous treatment of
cytomegalovirus (CMV) retinitis in patients with human immunodeficiency virus
(HIV), and is approved by the US Food and Drug Administration. Since 1998 the
drug has also been one of the mainstays in the treatment of RRP (18).
Cidofovir {(S)-1-[3-hydroxy-2-(phosphonomethoxy) propyl] cytosine dehydrate,
HPMPC} is a deoxynucleoside triphophate analogue of cytosine and can be regarded
as a prodrug, since it has inactive compounds that require metabolic activation by
cellular enzymes (19). The active diphosphorylated form exerts the antiviral effect
by decreasing the efficiency of DNA transcription following incorporation into the
growing DNA chain (19). Cidofovir is a broad spectrum antiviral medicine against
papilloma-, herpes-, and poxviruses (19) and is contraindicated in patients with
renal impairment. Maximum plasma concentrations after intralesional cidofovir
were 62 % of the levels after intravenous administration (20).
Some reviews conclude that intralesional use of cidofovir is a safe treatment in
patients with RRP lesions (21,22). Animal studies have shown contradictory
results on cidofovir and suggest that it causes nephrotoxic or carcinogenic side
effects (22). An in vitro study by Donne et al. shows that cidofovir can increase
cell survival and induce alterations in gene expression that are associated with
malignant transformation in cells (23). The use of cidofovir has been advocated in
cases of papilloma refractory to repeated surgery, either due to its spread, or to its
recurrence rate. Some case series showed good effect of cidofovir treatment, with
few or no side effects (24-29).
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On January 31st, 2011, alarming news by the producer of cidofovir addressed very
serious side effects associated with its off-label use (30). The indications for use
of cidofovir in these cases were not revealed. The warning included reports on
nephrotoxicity, neutropenia, oncogenicity and even some fatalities. Compared
to its use in laryngology, in other medical specialties (e.g. internal medicine or
ophthalmology) the dosage of cidofovir is much higher (5 mg/kg once a week), or
has another route of administration (intravenously or intra ocular). The manufacturer
did not specify the severity of the reported complications, the off-label indication
of the drug, or its way of administration or concentration dosage. This warning has
made many otorhinolaryngologists reduce or stop the administration of cidofovir
and has caused much concern among RRP patients.
Until now, previous human studies have not shown significantly more side effects
in RRP patients who received intralesional cidofovir compared to RRP patients
treated without cidofovir. The purpose of this study is to determine whether
these side effects are present in RRP patients who were treated with intralesional
cidofovir.

Methods
A newsletter and editorial were written to call on otorhinolaryngologists who
treated RRP patients with intralesional cidofovir (31). The newsletter was sent to
all members of the European Laryngological Society (ELS), the main laryngological
organization in Europe, representing laryngologists from more than 50 countries
in all six continents.
Centres were eligible for inclusion if they treated patients for RRP between 1998
and 2012. All patients with histopathologically confirmed RRP were included, no
patients were excluded.
All participating centres received a research design which consisted of two parts:
A) Questionnaire
B) Retrospective case file report
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To make the observations of the otorhinolaryngologists as objective as possible,
a manual was attached. This document with definitions was a guideline for filling
out the entry forms of the questionnaire and the retrospective case file report.
A) Information on the use of cidofovir was obtained by a two page questionnaire.
Questions involved surgical technique, concentration of administered intralesional
cidofovir, dose, intervals between the administrations and which considerations
were made to subject the patient to surgical treatment. One question referred
to side effects other than neutropenic, nephrotoxic or oncogenic after the use of
cidofovir.
B) In a retrospective case file review laboratory parameters for kidney function
and neutrocyte levels were compared before and after administration of cidofovir.
Furthermore, the incidence of upper airway and tracheal malignancies were
compared between RRP patients who had undergone cidofovir treatment and
RRP patients who did not receive cidofovir. The retrospective case file review was
divided into two parts: a clinical segment and a laboratory segment.
In the clinical segment, all patient charts were reviewed by the otorhinolaryngologist
of the participating centre. The patient characteristics existed of: sex, age, onset
of RRP (before or after 18th birthday), HPV typing, use of cidofovir and number
of cidofovir gifts. Charts were reviewed for follow-up after diagnosis (date of
diagnosis of RRP until the last clinical outpatient visit), and follow-up after cidofovir
(first gift of cidofovir until the last clinical outpatient visit) and malignancy of the
upper airway and trachea. Clinical signs of renal toxicity were defined as: anuria,
dialysis, admission on intensive care because of renal failure, mortality from renal
failure. Carcinoma in situ was defined as malignancy. Malignancies were counted
if the malignancy occurred after the diagnosis RRP.
In the laboratory segment test values collected before and after the first cidofovir
injection were retrospectively reviewed and listed by the participating centres.
These included blood neutrocytes (normal range 1.8-7.7 x109 g/l), serum creatinine
(normal range 0-110 mmol/l) and eGFR (normal range 52-max ml/min/1.73 m2).
Serum creatinine levels documented in mg/dl were converted by factor 88.4 to
mmol/l (32). Proteinuria was defined as > 20 mg/l.
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Statistical methods
To compare the demographic characteristics, the chi square test was used. The
laboratory values before and after cidofovir were compared by paired sample T
tests. Box plots were used to visualize the abnormalities in laboratory values. For
the comparison of development of a malignancy in RRP patients between the
cidofovir group and non cidofovir group, a survival analysis was performed using
the method of Kaplan and Meier. Occurrence of malignancies in the upper airway
or the trachea between the cidofovir and non cidofovir group was compared by
the log rank test. To show the differences between the malignancies in the upper
airway / trachea and non malignancies chi square test and the Fisher Exact test
were used. Non-parametric variables are given as medians [interquartile range].
An increase of 1% occurrence of malignancies after intralesional cidofovir was
considered as clinically relevant. P-values of <0.05 were considered significant.
All data was collected and entered into a database (Microsoft Excel 2003). Statistical
analyses were executed using SPSS 20.0. Medical ethics committee approval is not
required in The Netherlands for a retrospective case file study.

Results
Sixteen hospitals from 11 countries worldwide submitted 635 RRP patients, of
whom 275 were treated with cidofovir (table 1). In total, RRP patients received
intralesional cidofovir in 1323 procedures. The mean follow-up after the diagnosis
of the whole RRP group was 7.7 years with a median of 4.3 years [1.6 – 9.1 years].
During follow-up 25 (3.94%) patients developed an upper airway or tracheal
malignancy. 71.2% of all RRP patients were male. When RRP patients are divided
into JoRRP and AoRRP, the ratio m:f is approximately 1:1 (53.4% : 46.6%) for JoRRP,
and 3:1 (75.2% : 24.8%) for AoRRP. This is a statistically significant difference in ratio
m:f between JoRRP and AoRRP (p<0.001). Further baseline characteristics of the
cidofovir and non cidofovir group are listed in table 1. There were statistically more
women and more patients with JoRRP in the cidofovir study group. HPV typing
was performed in 198 patients (31%).
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n (%)
Country
Finland
Netherlands UMCG
Austria MUG
Germany Stuttgart
Poland PUMS
Denmark
Netherlands EUR
Belgium
Netherlands MUMC
Romania
Mexico
Austria IMU
Greece
Poland GPCC
Spain
Germany UL
Sex
Male
Female
Variety
JoRRP
AoRRP
HPV (n 198)
HPV neg
Low risk
High risk
Low and high
Hpv pos*

Cidofovir
275

Non cidofovir
360

Total
635

p

32 (12)
32 (12)
34 (12)
23 (8)
37 (13)
1 (0)
27 (10)
26 (9)
11 (4)
9 (3)
14 (5)
9 (3)
0 (0)
1 (0)
10 (4)
9 (3)

212 (59)
36 (10)
13 (4)
22 (6)
7 (2)
29 (8)
0 (0)
0 (0)
14 (4)
7 (2)
0(0)
1 (0)
10 (3)
9 (2)
0 (0)
0 (0)

244
68
47
45
44
30
27
26
25
16
14
10
10
10
10
9

184 (67)
91 (33)

268 (74)
92 (26)

452
183

0,038

70 (25)
205 (75)

48 (13)
312 (87)

118
517

<0,001

2 (1)
125 (86)
8 (6)
5 (3)
6 (4)

8 (15)
40 (77)
2 (4)
2 (4)
0 (0)

10
165
10
7
6

0,001

Table 1. Demographic characteristics of 635 RRP patients treated with (cidofovir) and without (non cidofovir)
cidofovir.
*Not specified

A) There was a lot of variation in how cidofovir was used. The concentration during
administration of intralesional cidofovir varied between 5 mg/ml and 75 mg/ml.
The maximum dose ranged from 20 mg to 375 mg per intervention. One centre
gave 25 mg per lesion, so the maximum dose was dependent on the amount of
lesions. One patient received 7500 mg cidofovir in 137 intralesional administrations.
There were centres with a maximum of cidofovir injections (6 - 15 administrations).
Four centres had a protocol with a minimum of intralesional administrations (3 - 6
administrations), whilst the other centres gave cidofovir depending on symptoms
and viewable recurrence. In one centre Gardasil® vaccination was applied to every
new RRP patient.
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Five centres routinely checked renal function pre and post cidofovir admission.
Two centres hydrated the patients before giving cidofovir. Two patients received
cidofovir intravenously beside intralesional administrations; they both developed
no side effects.
Side effects other than neutropenia, nephrotoxicity or oncogenesis after the use of
intralesional cidofovir were: diarrhoea in two patients, nausea in one patient and
chronic uveitis in one patient. Elevation of liver enzymes ALT and AST occurred in
two patients (in the first patient ALT and AST increased from respectively 14 and 12
U/L before, to 189 and 102 U/L after intralesional cidofovir; in the second patient
from 18 and 13 U/L before, to 92 and 47 U/L after intralesional cidofovir).
B) When laboratory values tested before and after administration of cidofovir were
compared, no statistically significant differences emerged in blood neutrocyte
count, eGFR or proteinuria (table 2). Creatinine concentrations controlled after
cidofovir treatment were significantly higher compared to those tested before
cidofovir injections. However, there was no significant difference in number of
patients with results exceeding the normal values. Figures 1, 2 and 3 show the
unpaired boxplots with concentrations of neutrophilic granulocytes, creatinine
and eGFR before and after use of cidofovir. None of the patients developed clinical
nephrotoxicity after receiving intralesional cidofovir. One patient had proteinuria
both before and after cidofovir application (30 and 100 mg/l respectively).

Pre cidofovir

Post cidofovir

Patients

Mean

Mean

p

Neutrocytes

35

4.1

4.1

0.748

Creatinine

93

68.5

71.6

0.029

eGFR

22

101.0

103.4

0.457

Proteinuria

20

1.55

5.0

0.337

Table 2. Individual dependent laboratory values before and after intralesional cidofovir.
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Figure 1. Neutrophilic granulocytes before and after use of cidofovir in patients with RRP. Dotted lines
indicate borders of normal value.

Figure 2. Creatinine before and after use of cidofovir in patients with RRP. Dotted line indicates maximum
normal level.
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Figure 3. eGFR before and after use of cidofovir in patients with RRP. Dotted line indicates minimal normal
value.

Two hundred seventy five RRP patients received intralesional cidofovir with a
median follow-up after the first cidofovir injection of 2.8 years [1.3 - 4.6 years] and a
mean of 3.3 years. Four of them developed an upper airway or tracheal squamous
cell carcinoma after receiving cidofovir. Three patients had been diagnosed with
an upper airway or tracheal malignancy before their first administration of cidofovir
(not shown in table 3). Three hundred sixty RRP patients did not receive cidofovir.
They had a median follow-up of 4.7 years [1.4 – 11.0 years] with a mean of 8.9. Of
those patients 18 developed an upper airway or tracheal malignancy. One patient
in the non cidofovir group developed a malignancy 83 days after being diagnosed
with RRP, and one patient in the cidofovir group developed a malignancy 60 days
after receiving the first gift of intralesional cidofovir. Malignancies occurred less
frequently in the cidofovir group, although there was no statistically significant
difference (p=0.155) between the cidofovir and the non cidofovir group (Figure 4).
Figure 4 shows the duration of follow-up and occurrence of malignancies in the
cidofovir group, starting with 273 patients. Two patients out of 275 who received
cidofovir were under surveillance in another hospital, with no follow-up data
available for the study. In the non cidofovir group 1 of the 360 patients had only
one visit to the participating centre, and thus no follow-up documentation.
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Years of follow-up

0

2

4

6

8

10

Cidofovir patients

273

125

79

24

16

8

Non cidofovir patients

359

235

184

147

119

95

Figure 4. Follow up to occurrence of malignancies of the upper airway and trachea in 635 patients with RRP,
treated with (cidofovir) and without (non cidofovir) cidofovir. Number of patients followed-up in particular
year is indicated.

Table 3 shows an overview of locations where the upper airway and tracheal
malignancies occurred. In two centres with 312 RRP patients, charts were reviewed
for all malignancies (table 3). Two patients in the cidofovir subgroup developed
malignancies outside upper airway or trachea: one patient had an oligo
astrocytoma of the brain, and another patient a squamous cell lung carcinoma.
Table 4 shows the differences in demographic characteristics between patients
who developed an upper airway or tracheal malignancy, and those who stayed
free of cancer after the RRP diagnosis.
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Localisation of malignancy N (%)
A.
Glottis
Supraglottis
Subglottis
Trachea
Oral cavity
Oropharynx
Nasopharynx
Larynx not specified
Total
B. Subgroup: n=312
Lung
Oesophagus
Prostate
Lymph
Brain
Blood
Bladder
Liver
Total

cidofovir 275

Non cidofovir 360

1 (0.4)
1 (0.4)
1 (0.4)
1 (0.4)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
4 (1.6)
64
1 (1.6)
0 (0.0)
0 (0.0)
0 (0.0)
1 (1.6)
0 (0.0)
0 (0.0)
0 (0.0)
2 (3.1)

11 (3.0)
0 (0.0)
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)
1 (0.3)
2 (0.6)
18 (5.0)
248
3 (1.2)
1 (0.4)
2 (0.8)
2 (0.8)
2 (0.8)
2 (0.8)
1 (0.4)
1 (0.4)
14 (5.6)

Table 3. A. Malignancies of the upper airway and trachea diagnosed after intralesional cidofovir treatment in
the cidofovir group, and after RRP diagnosis in the Non cidofovir group. B. A subgroup from two of the
biggest participating centres with all reported malignancies outside upper airway and trachea. Patients are
divided into those treated with (cidofovir) and without (non cidofovir) cidofovir.

N
Variety
JoRRP
AoRRP
Sex
Male
Female
Subgroup HPV n=198
HPV negativity
Low risk virus
High risk virus
Both low and high risk virus
HPV positivity, unspecified
Subgroup cidofovir n=274
Mean number of injections

No malignancy
610

Malignancy
25

P value

116
517

2
20

0.199*

434
176
190
6
165
6
7
6
270
4,8

118
7
8
4
0
4
0
0
4
7,0

0.927

<0.001

0.691**

Table 4. Demographic characteristics of RRP patients with and without malignancies of the upper airway
and trachea. JoRRP: juvenile onset RRP. AoRRP: adult onset RRP.
* Fishers Exact
**Independent t test
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Discussion
To the best of our knowledge, this is the largest retrospective case study describing
the side effects of intralesional cidofovir in RRP patients. This study shows that
the use of cidofovir varies between different countries. Due to differences in
the treatment of RRP patients the ELS will develop treatment guidelines for RRP.
There are a lot of case series that show significantly better results after cidofovir.
In those studies there is often no control group and no reference to the fact that
the natural course of RRP decreases in severity (33). The only randomized double
blind placebo controlled study showed a significant better improvement in voice
handicap index in the cidofovir group (34). This study did not show any differences
in Derkay severity score or surgical interventions. Placebo controlled RCT with
other commonly used adjuvant medical treatment as interferon or bevacizumab
do not exist.
Gardasil® seems highly effective as prevention against HPV related diseases.
Vaccination was associated with reduced risk of subsequent low risk HPV diseases
by 60.3% (35). Pawlita et al. showed in two patients only a humoral immune
response after vaccination with Gardasil® (36). These results with Gardasil® seems
to be very encouraging. More research is needed to find clinical benefits in RRP
patients. Predisposition of males in RRP patients is a well-known phenomenon
(1,4,5). In this study the predisposition was particularly seen in the AoRRP group,
and to a lesser extent in the JoRRP patient. There is no explanation for the fact that
there are statistically more women in the cidofovir group. An occurrence of more
JoRRP in the cidofovir group can be explained by the fact that JoRRP is associated
with a worse clinical course (37), and therefore JoRRP patients are more likely to
receive cidofovir.
Some side effects not related to neutropenia, nephrotoxicity or malignancies may
have been missed by the questionnaire because it did not specifically ask for every
possible side effect. However, we found no evidence of other encountered side
effects during the use of intralesional cidofovir in RRP patients.
Limitations of this study include those inherent to a retrospective analysis. Because
of the small amount of patients per centers, statistic correction for the multicenter
character was impossible. A concern of this study was that a few patients were
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only admitted to the participating centres for cidofovir treatment, and thereafter
were treated in other hospitals. Although severe side effects should normally be
reported to the hospital in which patients received cidofovir, it cannot be assured
that all neutropenia, renal toxicity, and malignancies have come to our attention.
Multicenter studies have the advantage that a large patient population can be
included. However, in this study there are also some disadvantages. In the 16
participating centres, 16 different otorhinolaryngologists reviewed all their RRP
patient charts. Considering the observers bias it would be better for the data
consistency to have one person go through all patient charts. The bias was managed
by attaching a manual to make the observations of the otorhinolaryngologists
as objective as possible. To search for additional adverse events, contacting all
RRP patients personally is possible. However the risk of a selection bias would be
inevitable, since patients with an extensive disease are more likely to reply. The
laboratory tests were done in different laboratories all over the world. Although
this can cause bias, the laboratorial tests were simple tests and no differences were
to be expected on the basis of these findings between the cidofovir group and non
cidofovir group. The serum creatinine levels are time, sex and person dependent.
Their levels alone are difficult to interpret. That is why eGFR and proteinuria are
included to describe the renal function. Beside the increased serum creatinine
levels there were more patients with an increasing than decreasing serum
creatinine level. In this study it seems not clinically relevant because there were no
significant differences in the number of patients with results exceeding the normal
values, and there were no patients with clinical signs of impaired renal function.
However these measurements give enough reason to monitor renal function
during the use of intralesional cidofovir. There were more patients with a decrease
than an increase of neutrocyte count after the use of cidofovir. This has no clinical
significance as the neutrocyte count remains the same within the normal limits.
In this study, a wide range of normal values was used. However, even with smaller
ranges of normal values, there were no differences between laboratory values.
A prospective study with controlled measurements of laboratory values during
intralesional cidofovir is recommended.
Two patients developed an early malignancy (one in the cidofovir group and one
in the non cidofovir group). It might be possible that they were misdiagnosed or
that the malignancy already occurred before cidofovir therapy. Retrospectively the
cause of the malignancy could not be determined.
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Table 4 shows a significant difference in the distribution of HPV types between
the malignancy group and the non malignancy group. Malignancy seems to be
more common in HPV negative patients and in patients with high risk HPV. These
results should be interpreted carefully because different HPV typing systems
(ISH, PCR) were used, and the participating centers tested different HPV types.
Skepticism about the correct diagnosis of patients with HPV negative RRP should
be deliberated. Because table 4 raises questions, and there is no consensus about
HPV typing and the malignant transformation, the ELS RRP study group decided
to conduct further research.

Conclusion
Within laryngology, the use and application of cidofovir differs from other medical
specialties. The dosage of cidofovir is much lower and has another route of
administration than that used in other specialties (e.g. ophthalmology, internal
medicine). Our study, concerning the use of cidofovir therapy in RRP, found no
further evidence of side effects comparable to those described in the newsletter
from its manufacturer. However, only long surveillance can determine whether or
not RRP patients with previous cidofovir therapy have increased risk of malignant
transformation compared to RRP patients without cidofovir therapy.
Cidofovir is one of the mainstays in additional treatment against RRP. This study
shows that there is a worldwide variation of intralesional use of cidofovir in RRP
patients. After use of intralesional cidofovir a statistically significant increase in the
creatinine level was found. The change of the values has no clinical significance
as the values remain within normal limits. Although this retrospective patient
chart review found no clinical evidence for more nephrotoxic, neutropenic or
oncogenic side effects after the use of intralesional cidofovir in patients with RRP
caution should be exercised and laboratory values should be monitored before
and after cidofovir. More prospective controlled research is necessary to determine
the safety and clinical impact of intralesional cidofovir.
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Abstract
Objectives: Aim of this study was to explore influence of the quadrivalent HPV
vaccine (Gardasil®) on the immune status of recurrent respiratory papillomatosis
(RRP) patients.
Design: Retrospective observational study
Setting and participant: Six RRP patients who received the quadrivalent HPV
vaccine and whose HPV seroreactivity was measured were included.
Main outcome measures: Multiplex HPV Serology was used to determine HPVspecific antibodies pre- and post-vaccination. Surgical interventions and patient
records were analyzed.
Results: Five HPV6 and 1 HPV11 infected patient were included. Mean antibody
reactivity against the associated HPV-type rose from 1125 median fluorescence
intensity (MFI) pre-vaccination to 4690 MFI post-vaccination (p<0.001). Median
post-vaccination follow-up was 4 years. Poisson regression analysis showed that
the quadrivalent HPV vaccine decreased the incidence rate of surgeries.
Conclusions: The immune system of RRP patients is able to increase antibody
reactivity against the associated HPV-type. A double blind randomized controlled
trial is needed to determine whether this immunological increase can cause
decrease in number of surgeries.

86

Immunological response to quadrivalent HPV vaccine

Introduction
Infection with a subset of Human Papillomaviruses (HPV) can cause anogenital
cancer, oropharyngeal cancer, condylomata acuminata and recurrent respiratory
papillomatosis (RRP)(1,2). Since 2006 many national vaccination programs have
started with the bivalent HPV vaccine (Cervarix®, GlaxoSmithKline Biologicals
s.a., Rixensart, Belgium) or the quadrivalent HPV vaccine (Gardasil®, Merck & co,
Whitehouse Station, USA) targeting high-risk oncogenic HPV types 16 and 18.
Papillomavirus vaccines are generally safe and highly effective (3). The quadrivalent
HPV vaccine is a subunit vaccine composed of the major capsid protein L1
primarily in the form of virus-like particles (VLPs) of low-risk HPV6 and 11 and highrisk HPV16 and 18. HPV6 and 11 cause 90% of genital warts (4). It is expected that
preventive global use of this HPV vaccine against cervical cancer will decrease the
incidence of HPV6 and HPV11 related disease worldwide (5).
Recurrent respiratory papillomatosis (RRP) is a wart-like disease characterized by
its unpredictable clinical course. It is associated with HPV6 and 11 for 80-100% of
cases (6-10). Therapy focuses on repeated surgical removal of exophytic lesions.
Some patients may need over a 100 surgical interventions to keep the airway open
and the voice sufficient (6).
Antibody response after vaccination with the quadrivalent HPV vaccine is higher
than after natural infection in patients with high risk HPV (3,11). Little is known
about the antibody response for low risk HPV. Increased seroreactivity after
vaccination in RRP patients was only addressed in two case reports (12,13). After
vaccination with the quadrivalent HPV vaccine, HPV seropositive women were
protected against cervical and anogenital diseases from the corresponding HPV
type (3). Therefore, vaccination of RRP patients could be a potential treatment
against HPV re-infection or auto-inoculation. In this independent exploratory
study we investigated whether vaccination with the quadrivalent HPV vaccine
results in increase of antibodies against the associated viruses.
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Materials and methods
Ethical considerations
Patients included in this retrospective cohort study were clinically treated off-label
with the the quadrivalent HPV vaccine; there was no scientific intent. Due to great
international interest in the use of this therapy, it was decided to publish these
valuable data. Written approval of all patients was received.
Institutional Review Board approval for retrospective cohort research is not needed
in the Netherlands. All patients approved use of information from their patient
files, laboratory results and biopsy material, by signing a consent form.
Biopsy and resection material of the included patients were available in archives of
our Department of Pathology. This study was performed according to the Code of
Conduct for Proper Secondary Use of Human Tissue in the Netherlands, as well as
to the applicable institutional and national guidelines (14).
Patients
Patients’ charts and surgical reports of all RRP patients treated at the Department
of Otorhinolaryngology/ Head & Neck Surgery of the tertiary referral hospital
University Medical Center Groningen , University of Groningen, The Netherlands
were retrospectively analyzed. Inclusion criteria for this study were: [1] histological
confirmation of RRP by an experienced head & neck pathologist, [2] the
patient received the quadrivalent HPV vaccine with therapeutic intent, [3] HPV
seroreactivity known pre- and post-vaccination.
Patient charts were reviewed on date of birth, gender, date of diagnosis, risk
factors (gastroesophageal reflux disease (GERD) and asthma), follow-up, number
of surgeries, complications of administration of the quadrivalent HPV vaccine and
complications associated with RRP (carcinoma, tracheotomy). Patients with an age
of onset younger than 18 years of age have juvenile onset RRP (JoRRP). Patients
older than 18 years at onset of disease have adult onset RRP (AoRRP).
Vaccination
The quadrivalent HPV vaccine was clinically administered to RRP patients between
March 2011 and January 2013. Vaccination was injected intramuscularly by normal
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dosage of VLP6 20 μg, VLP11 40 μg, VLP16 40 μg, and VLP18 20 μg per injection (0.5
ml). Injections were given following the same schedule as in preventive vaccination:
at 0 months, 2 months and 6 months (15). The time after the first administration
was considered as ‘post-vaccination’. The second and third vaccinations were
administered for durability of the effect (15).
Time frame
A blood sample was taken immediately before the first injection of the quadrivalent
HPV vaccine (pre-vaccination seroreactivity). A second blood sample was
taken immediately before the third vaccination (representing post-vaccination
seroreactivity).
Patient material
HPV type specific polymerase chain reaction (PCR)
For each patient a stored paraffin block from the first formalin-fixed biopsy was
selected, in which papilloma was confirmed histopathologically. To confirm
presence of papilloma an experienced pathologist revised all biopsies. When
quality or quantity of the first biopsy was not sufficient for PCR, the next sufficient
biopsy was used. HPV typing was performed using the HPV consensus primer set
GP5+/6+ with subsequent nucleotide sequence analysis. Details of this technique
have been described before (6).
Antibody seroreactivity
Seroreactivity to the HPV major capsid L1 protein for both HPV6 and HPV11 was
measured to monitor antibody response against the quadrivalent HPV vaccine
Blood samples were analyzed by the Multiplex Human Papillomavirus Serology,
based on in situ-purified glutathione S-transferase proteins, as described by
Waterboer et al (16,17). Briefly, full-length L1 proteins were bacterially expressed as
fusion proteins with N-terminal glutathione-S-transferase (GST) and a C-terminal
tagging peptide (tag) and were affinity-purified in situ from cleared bacterial lysates
through binding to glutathione casein-coated fluorescence-labelled polystyrene
beads. A fusion protein consisting of GST and tag (GST-tag) without intervening
viral antigen served for background determination. Each fusion protein was bound
to a spectrally distinct bead set. Fusion protein-loaded bead sets were mixed. Sera
were pre-incubated at 1:50 dilution in PBS containing 1 mg/mL casein, 2 mg/mL
lysate from bacteria expressing GST-tag alone to block antibodies directed against
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residual bacterial proteins and GST-tag, 0.5% polyvinylalcohol (PVA, Sigma-Aldrich
Chemie Gmbh Munich, Germany), 0.8% polyvinylpyrrolidone (PVP, Sigma- Aldrich
Chemie Gmbh Munich, Germany) and 2.5% Superchemiblock (Millipore, Billerica,
MA, USA) to suppress unspecific binding of antibodies to the beads themselves
(17). Serum dilutions were incubated with the same volume of mixed bead sets,
resulting in a final serum dilution of 1:100. Bound antibodies were detected with
biotinylated goat-antihuman IgG (H+L) secondary antibody and streptavidin-Rphycoerythrin. A Luminex analyser (xMAP, Luminex Corp., Austin, TX, USA) was
used to identify the internal colour of the individual beads and to quantify their
reporter fluorescence (expressed as median fluorescence intensity (MFI) of at
least 100 beads per set per serum). Antibody reactivity, i.e. the amount of antigenspecific antibody bound per bead is expressed as net MFI values calculated as
difference of MFI with HPV-protein minus MFI with GST-tag.
Statistical analysis
Analyses were performed using PASW statistics version 20.0 (SPSS Inc., Chicago, IL,
USA) and SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA). Categorical variables are
presented as number (percentage). Normally distributed variables are presented
as mean ± standard deviation. Data presented as [x; x] represents 95% confidence
interval. P value of <0.05 was considered statistically significant.
A paired t-test was used to analyze the difference between pre- and post MFI.
Descriptive statistics were provided for the rate of surgical interventions (number
of surgical interventions divided by time interval) before and after vaccinations. A
Spearman correlation coefficient between the two rates was calculated. Poisson
regression analysis (with a random intercept for subjects) was applied to investigate
a possible effect of vaccine on the mean number of surgical interventions corrected
for type of papilloma virus (HPV6 and HPV11) and age at onset. Subject’s variable
log time period was included in the regression analysis as offset parameter to
adjust for different time intervals for subjects.
Since the analysis is only preliminary and exploratory, a sample size for a parallel
group randomized clinical trial was calculated on the basis of an effect size that
vaccination reduces the mean number of surgical interventions with 50%. Formula
four of Signorini et al. with a Bernoulli covariate was used (18).
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Results

JoRRP/AoRRP

Asthma

GERD

Smoker

Tracheostomy

Cidofovir

Pre-vaccination
follow-up (years)

Pre-vaccination
surgeries (n)

Pre-vacination
antibody reactivity
(MFI)

Post-vaccination
follow-up (years)

Post-vaccination
surgeries (n)

Post-vaccination
antibody reactivity
(MFI)

M 11
M 6
M 6
M 6
M 6
M 6

Age of onset (years)
–
age at first
vaccination(years)

Gender (M/F)

#1
#2
#3
#4
#5
#6

HPV type

Patient ID

Nine RRP patients of the University Medical Center Groningen received the
quadrivalent HPV vaccine. For six of them seroreactivity pre- and post-vaccination
were known; these six patients were included in this exploratory study. Patients
were diagnosed with RRP between 1981 and 2011, followed until August 1,
2015. Characteristics per patient are presented in Table 1. All included patients
were male. The mean age of onset was 16 years (SD 16). Three patients (50%) had
JoRRP, 3 patients (50%) had AoRRP. None of the patients had asthma or GERD. Five
patients were infected with HPV6 and one patient was infected with HPV11.

2 – 33
39 – 46
4–9
29 – 31
21 – 23
2–4

JoRRP
AoRRP
JoRRP
AoRRP
AoRRP
JoRRP

-

-

+
-

+
-

+
+
+
+
+

30
7
5
2
2
1

79
9
4
11
11
7

171
1887
2422
925
1048
297

3
4
3
4
4
4

7
2
5
1
2
5

4841
5516
3621
5419
4549
4199

Table 1 Characteristics per patient, pre- and post-vaccination
Abbreviations: M=male, F=female, JoRRP=juvenile onset recurrent respiratory papillomatosis, AoRRP= adult
onset recurrent respiratory papillomatosis, GERD=gastroesophageal reflux disease, MFI=mean fluorescence
intensity, Cidofovir = cidofovir in history

The mean pre-vaccination antibody reactivity was 1125 MFI (standard deviation
884). The mean post-vaccination antibody reactivity was 4690 MFI (standard
deviation 727). All individual antibody reactivities increased after vaccination, with
a median rise of 3766 MFI (range 1199 – 4670). The mean MFI per patient rose
significantly after vaccination (p<0.001). The change of pre- and post-vaccination
antibody reactivity of the associated viruses are represented in Figure 1.
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Figure 1. Antibody reactivity per patient against causative HPV type pre- and post-vaccination (#1: HPV11
patient. #2 to #6: HPV6 patients).

None of the patients experienced side effects or complications of the vaccination.
The surgical course over time is presented in Figure 2. The median pre-vaccination
disease history was 3 years (range 1-30). The median post-vaccination follow-up
was 4 years (range 3-4). The interval between surgeries ranged from 1 week to 7
years (Fig. 2). The average rates of surgical interventions for a period of a year were
4.34 [1.11; 7.57] and 0.99 [0.25; 1.73] before and after vaccination, respectively.
Spearman correlation coefficient between the rates before and after was estimated
at -0.20 (p=0.704).

Figure 2. Follow-up with all surgical interventions by age of the patient (n=6), pre- and post- vaccination.
Vaccinations were administered during the blue-marked period. #1: HPV11 patient, #2 to #6: HPV6 patients.
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Poisson regression analysis corrected for age at onset and type of papilloma virus
demonstrated a clinical effect of vaccination. The effect size was estimated at
-1.20 [-1.90; -0.50]. This meant that the mean number of surgical interventions in a
specific time frame after vaccination decreased with approximately a factor of 3.3
(=exp1.20).
Based on the results of a simpler Poisson regression analysis (using only the
vaccination variable and overdispersion), the sample size for detecting reduction
in the mean number of surgical interventions after vaccination with a factor of 2
was calculated. If a theoretical trial period would be one year, the total number of
patients in each group should be 57. If a trial would be extended to 1.5 years, the
number of patients in each group should be 38, while for a trial of two years the
number of patients should be 29 in each group.

Discussion
Many therapies have been tried to diminish disease burden of RRP. Nonetheless
there is still no curative therapy for RRP patients. The primary goal of this
exploratory study was to monitor effectiveness of the quadrivalent HPV vaccine
during treatment of RRP as determined by increased seroreactivity. This is the first
study that shows that vaccination of a group of RRP patients with the quadrivalent
HPV vaccine results in increased seroreactivity against associated viruses.
Five of six patients were infected with low-risk HPV6, one was infected with lowrisk HPV11. The ratio between HPV6 and HPV11 differs per cohort (19), probably
because of geographical spread of both viruses (20). This research consisted of both
JoRRP and AoRRP patients. The immunological response is therefore representable
for both groups. A difference in immune response is not expected. RRP patients
with a pre-vaccination history of 1 year to 30 years were included.
The presented data show that RRP patients with HPV6 and HPV11 have low
levels of seroreactivity against these viruses despite many years of disease. After
administration of the quadrivalent HPV vaccine HPV seroreactivity against the
causal HPV type rose in every patient. The vaccination induced higher seroreactivity
than the natural infection in the same patients. Theoretically this induced increase
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in seroreactivity might influence the clinical course of RRP by intensifying immune
response and preventing re-infection.
This study is the first study to measure seroreactivity in a group of RRP patients.
Results could be biased due to the small sample size and short follow-up. An
effect of other adjuvant therapy on immunological response was not expected
as patients did not receive any adjuvant therapy one month before, neither
during or after vaccination. More research is needed to analyze the duration of the
immunological response.
Chirila et al. concluded that the quadrivalent HPV vaccine was effective to diminish
the recurrence rate of RRP in 85% percent of patients, although that study was
retrospective and lacked a control group (21). Furthermore the natural decreasing
surgical rate of RRP was not taken into account (6,22). It is unknown if there is a
immune response after vaccination which explains a clinical response, therefore
this study was conducted. The clinical response described in this article was only
used for a power analysis for a future randomized controlled trial (RCT), as the
sample size was too small to analyze the clinical course and to correct for the
natural clinical course and other therapies (e.g. cidofovir). A RCT is needed to
draw conclusions on the real clinical effect of the quadrivalent HPV vaccine. The
proposed sample size for a trial with a follow-up of two years should be 29 patients
per group.

Conclusion
RRP patients increase seroreactivity against the quadrivalent HPV vaccine,
regardless of their age, age of onset, HPV-type and severity of disease. Antibody
reactivities to the associated viruses of all patients rose significantly. A doubleblinded randomized controlled trial is needed to evaluate the effect of this
vaccination on the clinical course. The quadrivalent HPV vaccine could be of future
help in the treatment of RRP, as this research showed that vaccination causes a
robust immunological response.
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Abstract
Introduction: Voice disorders can have major impact on quality of life. Problems
caused by these disorders can be experienced in different domains. The Voice
Handicap Index (VHI) is a well-known voice-related quality of life instrument
to measure physical, emotional and functional complaints. VHI change after
treatment in seven separate benign laryngeal disorders was studied. In addition,
correlation between the three domains was examined.
Material and methods: VHI forms were completed before and three months after
treatment. In a five-year-period 143 patients with seven specific diagnoses were
retrospectively included.
Results: VHI improved for six diagnoses polyp (p<0.000), cyst (p=0.001), unilateral
paralysis (p=0.001), Reinke edema (p=0.016), papillomatosis (p=0.001), nodules
(p=0.002). Sulcus glottidis did not change (p=0.897). Mean VHI after treatment was
higher for females (p=0.021). The values of the three domains correlate statistically
significant.
Discussion: For each diagnosis, the mean VHI after treatment remained higher
than in subjects with a healthy voice. Because the domains are interdependent,
their absolute values could not be compared.
Conclusion: After treatment, VHI improved in six of the seven diagnoses. The
scores on the physical, emotional, and functional domain are interdependent.
Scores of the different domains can not be compared.
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Introduction
Voice is an important tool in communication and plays a significant role in today’s
society as well as in one’s personal life. This is indicated i.e. by the fact that over 25%
of the working society depends on their voice during practicing their profession
(1,2). Because of irritation and local reactions in the vocal cords patients develop
voice problems. The prevalence of voice disorders ranges from 0.65-15%, while
the chance to develop a voice disorder during life is approximately 30% (3-6).
Prevalence is significantly higher in females, teachers and professional singers (7).
A voice that is not functioning properly will have major impact on a patient. It is
estimated that 50-60% of clinical patients with voice disorders experience social,
psychological and physical problems due to their voice problem (1). The impact
varies per patient and depends on several factors like personal and professional
demands and the ability to cope with the problem and adjust to the problem
(4). Disease severity can be assessed by objective measurements. However, the
psychosocial impairment experienced by the patient not always interferes with
these objective outcomes (2,8-12). Hence, the last decades there has been an
increased interest in psychosocial effects of voice disorders.
In 2001, the European Laryngological Society (ELS) emphasized for the
multidimensional assessment of a voice problem (13). Several voice-related
Quality of Life (QoL) instruments have been developed to objectify subjective
assessment of a voice problem (14-17). One of these instruments is the Voice
Handicap Index (VHI). The VHI is a validated voice-related QoL questionnaire to
objectify and quantify the psychosocial impact of voice disorders and to evaluate
treatment outcomes in benign as well as malign laryngeal disorders (18-24). Its 30
questions are divided in three times 10 questions in the emotional, functional and
physical domain. The VHI has been translated and validated in several languages.
In 2006 Hakkesteegt et al. concluded that in Dutch patients the Dutch version
of the VHI is valid as well (25). Besides, they concluded VHI change >14 points is
statistically significant (24).
To develop a treatment plan, knowledge of expected treatment outcomes is
essential. Several studies have been performed after the change of psychosocial
impact after in different laryngeal disorders (18,26). These studies, though, were
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limited in study population or amount of disorders. The first aim of the present
study is to evaluate the change in VHI after treatment in the seven most common
benign laryngeal disorders in the Voice Clinic of our tertiary referral hospital.
As mentioned, the VHI consist of three domains, which are compared to each
other a lot in literature. During development of the VHI, the domains were chosen
a priori (14). Cohen et al. (27), Wilson et al. (28) and Nawka at al. (29) all found other
domains after statistical factor analysis. This might suggest the domains of the VHI
were not chosen correctly and might be not representative. Therefore, the second
aim of the present study is to analyze the correlation between the three domains
of the VHI.

Material and methods
Data from patients who visited the voice clinic from November 2006 until January
2012 were analyzed retrospectively. All assessments of a patient’s voice were
performed at the same day. After visiting the speech and language therapist (SLT)
and immediately before consulting the otolaryngologist, the patient filled out a
validated Dutch version of the VHI. The score at first evaluation was displayed as T0.
A diagnosis was provided and a treatment plan was made and discussed with the
patient. Approximately 3 months after treatment patients were evaluated by the
same otolaryngologist again and a second VHI form was filled out. This score was
displayed as T1. During the study period the same otolaryngologist performed all
laryngoscopic assessments.
Patients with the seven most common benign laryngeal disorders in our center
were included. These diagnoses include cysts, polyps, unilateral paralysis, sulcus
glottidis, papillomatosis, Reinke edema and nodules. Patients without a clear
diagnosis, with only one VHI form (T0 or T1) or with incorrectly completed forms
were excluded. Collected data from each patient consisted of demographic data,
diagnosis, dates of VHI forms and VHI scores at T0 and T1. Where appropriate, these
scores were separated in individual scores for each question (0-4), scores for each
domain (0-40) and the total VHI score (0-120). These data were entered into a
database (Excel XP, Windows 2007). Data from our study group were compared
with normative data in literature.
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Statistical analysis was performed by using SPSS (Statistical Package for Social
Sciences, Inc, Chicago, IL, version 18.0). VHI scores, before and after treatment,
were compared by using the Wilcoxon test. For comparing data from the research
population with normative values and to analyze age difference between
males and females in the separate diagnoses, a Student t-test was performed.
Differences in scores between males and females were determined by using the
Mann Whitney U test. Correlations between the three domains of the VHI were
expressed by using the Pearson correlation coefficient (r). In all tests a level p<0.05
was considered to be significant.
At initial evaluation, data of 735 patients were collected (Figure 1). A total of 143
(19.5%) patients could be included; 63 (44.1%) were males. At T0 for 103 patients
(72%) a completed VHI form, with all sub scores, was available. From the remaining
only a psummative
score
was
available.
An overview
of Uthe
gender
Figure	
  28%
1.	
  Inclusion	
  
rocess	
  for	
  pVHI
atients	
  
who	
  
visited	
  
the	
  Voice	
  
Clinic	
  of	
  the	
  
niversity	
  
Medical	
  
distribution of the seven separate diagnoses is depicted schematically in Table 1.
Center	
   Groningen	
   from	
   November	
   2006	
   until	
   January	
   2012,	
   which	
   were	
   included	
   to	
   study	
  
Mean age of the total study population was 41.0 (SD=16.7) years. Females were
VHI	
  change	
  
in	
  seven	
  
benign	
  laryngeal	
  
isorders	
  
after	
  
treatment.	
  
statistically
significantly
youngerd(37.0
vs. 46.1
years,
p<0.001).
	
  

	
  
	
  
	
  

Patients suspected for
benign laryngeal
disorder
(n 735)

	
  
	
  
	
  

7

Included in the study
(n 605)
Excluded from analysis
- Only 1 VHI score (188)

	
  

- Benign laryngeal disorder study population
consisting

	
  
	
  
	
  

Exclusion Criteria
- Malignancy (22)
- No laryngeal pathology (108)

Total study population
(n 143)

of < 12 subjects, or
Subjects with disorders which were surgically not
treatable (274)

	
  
	
  
	
  

Figure 1. Inclusion process for patients who visited the Voice Clinic of the University Medical Center
Groningen from November 2006 until January 2012, which were included to study VHI change in seven
benign laryngeal disorders after treatment.
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Diagnosis

Female

Male

Total

Cyst
Polyp
Unilateral paralysis
Sulcus glottidis
Papilloma
Reinke edema
Vocal cord nodules

11
16
12
14
5
9
13

9
18
13
3
15
3
2

20
34
25
17
20
12
15

Total

80

63

143

Table 1. Distribution of patients who visited the Voice Clinic of the University Medical Centre Groningen from
November 2006 until January 2012, which were included to study VHI change in seven benign laryngeal
disorders after treatment from November 2006 until January 2012.

A total of 134 patients (94%) underwent phonosurgery. Four of these patients
received additional voice therapy. Seven patients (5%) were treated by voice
therapy only. In two patients (1%) with unilateral paralysis a wait and see
management was prescribed.

Results
Table 2 shows the total VHI score at T0 as well as the score at T1 for the seven
separate diagnoses. Before treatment (T0) the mean VHI score was 45.1 (SD=18.6).
Mean VHI scores did not significantly differ between males and females (45.3 vs.
44.9, p=0.834). The highest psychosocial impact was measured for the diagnosis
unilateral paralysis (mean VHI 57.7).
Mean VHI-score

Mean VHI-score

Difference mean Difference mean
VHI T0-T1
VHI T0-T1

Diagnosis

T0

T1

(points)

(p-value)

Cyst

41.8

21.3

20.5

0.001

Polyp

39.7

19.3

20.4

<0.001

Unilateral paralysis

57.7

36.9

20.8

0.001

Sulcus glottidis

48.8

47.1

1.7

0.897

Papilloma

44.7

17.7

27.0

<0.001

Reinke edema

41.3

16.6

24.7

0.010

Vocal cord nodules

42.0

21.5

20.5

0.002

Table 2. Mean total VHI scores before and after treatment and absolute and statistical changes after
treatment of patients who visited the Voice Clinic of the University Medical Center Groningen from
November 2006 until January 2012, which were included to study VHI change in seven benign laryngeal
disorders after treatment.
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After treatment (T1) the mean VHI score was 25.9 (SD=20.5), which is significantly
less than at T0 (p<0.001). Females then experienced significantly more psychosocial
effects (29.4 vs. 21.5, p=0.019). Patients diagnosed with sulcus glottidis kept
the highest score at T1 (mean VHI 47.1). Close analysis of this group showed
improvement of VHI > 14 points in 3 patients, decrease > 14 in 3 patients and
change < 14 in 11 of 17 patients.
After treatment, mean VHI scores improved significantly for all separate diagnoses,
except for sulcus glottidis. The largest absolute improvement was observed in the
diagnosis papilloma. Despite this improvement, the mean total VHI three months
after treatment remained statistically significant higher than values for the voice in
patients without voice problems.
To analyze correlations between the three domains of the VHI, only data from
completely filled in VHI forms could be used (n=103). Correlation coefficients (r)
between the domains were; emotional– physical 0.518, emotional–functional
0.734 and physical-functional 0.543. All these correlations were statistically
significant (p<0.001).

Discussion
This study shows significant psychosocial improvement after treatment in six of the
seven investigated benign laryngeal disorders. Despite these improvements the
level of a voice without any problems was not achieved in any diagnosis. Patients
have to be informed at first consultation that after treatment improvement is likely,
but a normal voice cannot be expected.
As mentioned before, only 19.5% of all visitors of the Voice Clinic could be included
in our study (Figure 1). This was caused mainly because of lack of pathology in
the larynx during laryngoscopy or presence of a malignancy. Moreover, in a large
group no treatment was indicated, which resulted in a single consultation of a
patient. Some patients were lost out of sign, because they underwent speech
therapy and never came back to our Voice Clinic. Because of small study groups,
only patients suffering from the seven most common diagnoses in our clinic were
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included. All these considerations might give a bias in a study population, though
in this study we do not expect this.
Patients suffering from unilateral paralysis experienced the most psychosocial
effects before treatment. This confirms findings in literature (30,31). The severity of
this diagnosis might partly explain the highest score in this diagnosis.
In contrast to literature, females experience significant more psychosocial effects
three months after treatment. As feminine vocal folds contain less hyaluronic acid
(32,33), wound healing may take longer, which could explain the higher score.
Further research is needed to investigate long term outcomes.
Total VHI in patients suffering from sulcus glottidis did not improve after treatment.
Patients were operated according to Bouchayer’s technique (34). Two incisions,
laterally and medially to the sulcus, were made. The sulcus was bluntly dissected from
the underlying vocal ligament and superficial epithelium medial to the sulcus. The
resuming epithelial flap was then fixated to the vocal ligament with self absorbing
Tissucol®. No clear trend between extent of the sulcus/additional abnormalities
and treatment outcome could be distinguished. The high risk of a worsened voice
in combination with the general risk of surgery makes it questionable if surgery is
justified in these patients, as other publications mention disappointing results as
well (35,36). This can be explained by a combination of complicated deviations,
provocative surgical techniques and more extensive wounds. It is also conceivable
that three months after treatment these wounds did not heal completely yet. To
improve treatment outcomes it has been suggested to pad the vocal cord with
fat, collagen or fascia to restore the original layered structure of the vocal cord
(36). Additional voice therapy might help to prevent further damage. Pontes and
Behlau presented a new surgical concept for sulcus surgery, called the ‘slicing
technique’. This technique combined with strict voice therapy could lead to better
treatment outcomes (36). Because of lack of consensus about the best way to treat
sulcus glottidis, additional research in future is recommended.
Although psychosocial improvement after treatment was shown in patients
diagnosed with papillomatosis, it has to be taken into account that voice
improvement is not the only, nor the most important goal of the treatment.
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In literature the three domains of the VHI are often compared to each other. In this
study, strong and significant correlations were measured. Because the domains are
dependent of each other, the sub scores have no additional value, which means
only a total VHI score is sufficient for a clinician.
Our Voice Clinic is a tertiary referral centre. This might give some bias, because
patients might have more complicated and more severe complaints because of
more complex pathology, which could result in higher VHI scores.
The total study population consisted of 143 patients. Separation of these patients
into seven diagnoses resulted in groups containing a minimum of 12 and a
maximum of 34 patients. Although conclusions would have been more powerful
if these groups contained more patients, the results are statistically significant.
The group of patients with Reinke edema needs additional clarification. It is known
that tobacco use is a causative factor in developing Reinke edema (37). In our
center, we experienced that in patients who stopped smoking, many complaints
disappeared. Therefore all patients with Reinke edema were urgently advised to
quit smoking. It is conceivable that patients with a mild grade of Reinke edema
(Gr.1-II) experienced such progression in voice quality they did not need further
intervention. Hence, only patients with probably a more severe grade of Reinke
edema and in which quitting smoking was not sufficient, were treated.
VHI forms were filled in by the patient immediately after they visited the SLT. Here,
patients had to perform several voice exercises. It can be assumed the perceived
incapacity might have an effect in the way the patients fill in the VHI. This makes
it desirable to fill in the form prior to all assessments. VHI scores may also be
influenced by the relatively short period of three months between treatment and
moment of filling in T1. Independently of the treatment outcome the patient will
still be asked about the voice and it still plays a significant role in their lives. It might
be useful to fill in another VHI form after a longer period, such as a year, when the
new voice has settled.
In this study, mean VHI scores before and after treatment were compared. Because
of the risk of data being skewed into significant mean values by extreme scores,
all pre- post connected data points are shown in Figure 2. This Figure shows
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no extreme values, which means all mean VHI scores can be assumed to be
representative.
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Figure 2 a-g. All connected pre- and postoperative VHI scores, for seven separate diagnoses, of patients who
visited the Voice Clinic of the University Medical Center Groningen, the Netherlands, from November 2006
until January 2012, which were included to study VHI change in seven benign laryngeal disorders after
treatment.

In summary, the VHI is a proper instrument. However, the clinician has to be aware
of the limitations mentioned above.
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Conclusion
Psychosocial impact due to a voice disorder decreased in six of the seven
diagnoses after treatment. Patients have to be informed at first consultation that
after treatment improvement is likely, but a normal voice cannot be expected.
Patients with sulcus glottidis did not experience improvement of the psychosocial
impact after treatment.
The three domains of the VHI are all interdependent. Absolute values of the
separate domains cannot be compared. Only a summative VHI score is sufficient
to objectify the psychosocial impact of a voice disorder.
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Chapter 8

Many questions about the diagnosis, clinical course, treatment and quality of
life of the recurrent respiratory papillomatosis (RRP) patient remain unanswered
today. This thesis provides answers to some of these questions in order to help
the medical specialist to better understand, more accurately diagnose and more
effectively treat RRP, and therewith improve the healthcare experience of the RRP
patient. The underlying chapter presents this thesis’ key findings, and identifies
areas for future research on RRP.
Part I Diagnosis
Chapter 2, “Narrow band imaging is a new technique in visualization of recurrent
respiratory papillomatosis”, focuses on the diagnosis of RRP, and presents evidence
that narrow band imaging (NBI), when used as an additional imaging technique
during surgical interventions, helps surgeons to better visualize and more
effectively remove papilloma. NBI increases the sensitivity in detecting RRP lesions
from 80% to 97%. Chapter 2 is the first study which shows beneficial effects of
using NBI in diagnosing RRP, where NBI enables the surgeon to make a better
distinction between papilloma and healthy tissue, allowing for a more secure and
complete removal of the papilloma. After the publication of chapter 2, NBI became
a standard additional technique during microlaryngoscopy in RRP patients in the
University Medical Center Groningen (UMCG). As a result, it has been observed
that since then more RRP lesions have been detected during surgery. Hence, it
is recommendable that NBI becomes a standard additional technique applied
during surgical interventions in RRP patients.
During the study, it was also observed that RRP lesions do not regularly re-appear
in the exact same location where an RRP lesion has previously been removed.
On the other hand, if lesions are not surgically removed, an RRP lesion can grow
further in its existing location. As such, a more secure and complete removal of
the papilloma, enabled by the application of NBI as an additional technique, may
decrease the recurrence rate of RRP. To test this hypothesis, a cohort study should
be performed where recurrence and surgical interventions are compared between
a group of RRP patients where both NBI and white light are used during surgical
interventions, and a group of RRP patients where only white light is used.
Head and neck surgeons are increasingly using NBI for staging, and to determine
the difference between benign and malignant tissue. The generally accepted
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classification to distinguish between benign and malignant tissue is the IPCL
classification of Ni et al., based on irregular microvasculair patterns staged in type
I to Vabc (1). A limitation of this IPCL classification is that the study by which it was
determined did not include patients with RRP. If the IPCL classification is applied to
RRP lesions, lesions can incorrectly be classified as malignant, because RRP lesions
are difficult to distinguish from invasive carcinoma under the IPCL classification (2).
An early distinction between the two diseases is important because they require
the removal of different margins. A revision of the IPCL classification may enable
such distinction. There are two macroscopic parameters that can help distinguish
between malignant and RRP lesions, which could be added to the IPCL. The first is
the location of the lesions; while there usually is only one malignant lesion located
in one area in which it expands, RRP is often located in multiple distinct areas in the
upper airways. The second parameter is ulceration; malignant lesions often contain
ulcerations, whilst this is uncommon in RRP lesions. The possibility of adding the
aforementioned parameters to the IPCL classification is subject of ongoing research
in the Department of Otorhinolaryngology / Head & Neck Surgery at the UMCG.
Part II Clinical course
Chapter 3, “The clinical course of recurrent respiratory papillomatosis: a comparison
between aggressiveness of HPV6 and HPV11”, looks at the clinical course of RRP
patients. Chapter 3 shows that the number of surgical interventions performed on
both HPV6 and HPV11 positive RRP patients reduces over the course of the disease.
This is due to the natural course and surgical control of the disease. However,
patients in the HPV11 group have on average more surgical interventions and
more extra-laryngeal spread of papilloma in the respiratory tract than patients in
the HPV6 group. The data further shows that even after as much as 34 years of
clinical remission, RRP lesions can recur. It hence seems more appropriate to speak
of ‘clinical remission’ in RRP patients than of ‘curing’ of RRP patients, a term often
used in medical literature.
In addition, statistical analysis in chapter 3 shows that both HPV type and age of
onset are correlated with the number of surgical interventions performed on an
RRP patient. A statistical model was constructed to describe the aggressiveness of
RRP. It shows that HPV11 positive RRP patients with an early age of onset are likely
to undergo more surgical interventions than HPV6 positive RRP patients with an
early age of onset. The opposite was seen in the late onset patients, where the RRP
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patients with HPV6 had more surgical interventions than patients with HPV11. The
turning point with respect to age of onset at which the model shows a quantitatively
less favorable outlook for an RRP patient with type HPV6 than an RRP patient with
type HPV11 is 22.4 years. The statistical model, and the insights on the differences
between HPV6 and HPV11 positive RRP patients allow medical specialists to better
inform RRP patients on disease prognosis, including the expected number of
required surgical interventions. Because little is known about the drivers behind the
aforementioned differences between the clinical course of RRP patients with HPV6
and HPV11 observed in chapter 3, more fundamental research is recommendable.
Chapter 3 looks at the aggressiveness of the RRP disease course based on the
number of surgical interventions. Taking the decision to surgically intervene or
not, and at what time is a fine balancing act. On one hand, papilloma needs to be
removed as much as possible to achieve disease control. On the other hand, the
number of surgical interventions on an RRP patient should be kept to a minimum
to avoid scar tissue, which can cause irreversible damage to the vocal cords.
Medical literature does not offer an optimal operating strategy for this dilemma,
and treatment of a particular RRP patient and finding the right balance between
disease control and minimizing side effects remains a challenge. In the UMCG,
patients underwent microlaryngoscopy under general anesthesia only when the
size of the papilloma was graded exophitic; if the papilloma was graded sessile no
surgical intervention was done (3). This standardized practice prevented patients
from undergoing surgical intervention for every papilloma, and therewith avoided
causing scar tissue to protect the voice function.
The effectiveness of medical interventions in RRP patients is often analyzed by
a comparison of the number of surgical interventions pre- and post-medication.
Until now such studies have been done without a correction for the natural
course of the disease. They often report a decrease in the number of surgical
interventions post-medication, and conclude that this is a result of that medical
intervention. However, chapter 3 shows that the natural disease course of RRP
generally demonstrates a decrease in surgical interventions over time. A reduction
in the number of surgical interventions would therefore be expected with any
medication, or even without medication. As such, adjustments for the natural
course should be made prior to drawing conclusions on the effectiveness of a
medical intervention, in particular in studies without a control group.
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Part III Treatment
Part III presents a letter to the editor (chapter 4) and two studies on the treatment
of RRP. The first study in chapter 5, “Safety of intralesional cidofovir in patients with
recurrent respiratory papillomatosis: an international retrospective study on 635 RRP
patients”, presents the findings of a worldwide retrospective research into the use
and side effects of cidofovir (Vistide®, Gilead, Foster City, CA, USA). It concludes that
the use of cidofovir differs between laryngology and other medical specialties. The
cidofovir dosages administered to RRP patients in laryngology varies amongst
centers, but is generally lower than cidofovir dosages used in other medical
specialties. Also, the route of administration of cidofovir is different; in laryngology
cidofovir is administered intralesionally on RRP patients, whereas in other medical
specialties it is administered intravenously. Chapter 5 finds no clinical evidence for
more nephrotoxic, neutropenic or oncogenic side effects in RRP patients after the
use of intralesional cidofovir compared to RRP patients that did not use cidofovir.
Following this retrospective worldwide multicenter study, Moore et al. showed
there was no difference in the mean dysplasia score before and after treatment
of intralesional cidofovir in RRP patients (4). Based on these findings, RRP patients
can be informed that while nephrotoxicity, neutropenia, oncogenicity can arise
from the use of cidofovir, these side effects have not been observed to occur more
frequently in RRP patients treated with cidofovir compared to RRP patients not
treated with cidofovir. After Gilead’s warning in 2011 on side effects of cidofovir,
otorhinolaryngologists generally stopped using cidofovir in RRP treatment. As of
2016, cidofovir is used on a regular basis in the United States of America again in
the treatment of RRP, and also a few European hospitals have reintroduced the use
of cidofovir in the treatment of RRP.
Besides cidofovir, many other medicines such as bevacizumab, celecoxib,
HPV vaccine, gastroesophageal reflux disease medication, indole-3-carbinol,
interferon, mumps vaccine and even traditional Chinese drugs have been
applied in treatment of RRP patients (5,6). In 2012, Chadha et al. did a Cochrane
systematic review on antiviral agents (7). They found one randomized controlled
trial (RCT), and 24 uncontrolled trials or case series. It is remarkable that only one
study has been performed on the efficacy of drugs on RRP which makes use of
a control group. This RCT with 19 patients describes a significant improvement
of VHI score in the cidofovir group versus the control group after 12 months (8).
However, no differences between these two groups were found in respect of
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the number of surgical interventions or Derkay scores (8). As such, caution should
be applied when prescribing antiviral medicines, including cidofovir, because no
convincing evidence has been found regarding the long-term effectiveness of
antiviral medicines to decrease the burden of RRP patients. Given the above, it is
recommendable that more studies are performed to analyze the effectiveness of
the available medication in the treatment of RRP. Such studies should either include
a control group, or be performed in the form of an RCT to enable more robust study
conclusions. Also, more clinical studies should be performed on the dosage and
route of administration (systemic or intralesional) of cidofovir in RRP patients.
In the patients described in chapter 5, malignant tumors were observed to be
more common amongst HPV negative RRP patients than in low-risk HPV positive
RRP patients. The same was observed by Omland and coworkers, who concluded
that there is a more common transition from RRP to malignancy in HPV negative
RRP patients compared to RRP low-risk HPV positive patients. Omland and
coworkers did not consider RRP misdiagnosis as a possible explanation for the
observed phenomenon (9). Characteristics such as age, smoking and alcohol
were not described in the group with a malignancy. No transformation phase
to malignancy was shown in HPV negative RRP patients. Within the RRP patient
group in the UMCG that developed a malignancy, there was only a short period
(few months) between the diagnosis of RRP and the development of a malignancy
in the same anatomical location. In addition, most of these patients were older
than 50, and had a history of smoking and alcohol usage. Hence, there are two
possibilities: either RRP in HPV negative patients can transform into malignancy, or
more likely, the pathologic pre-cancer phase has similar features to RRP, causing
misdiagnosis of patients in a pre-cancer phase. As RRP HPV negative patients are
more likely to develop malignancy due to transformation or misdiagnosis, it is
firstly recommendable that the RRP biopsies of every new RRP diagnosed patient
are tested for both low-risk (mainly HPV6 and HPV11) and high-risk HPV types.
Secondly, those RRP patients that have been determined to be HPV negative
should receive more frequent follow-up visits than RRP positive HPV patients in
order to detect malignancy at an early stage.
Chapter 6, “Immunological response to quadrivalent HPV vaccine in treatment of
Recurrent Respiratory Papillomatosis”, shows that HPV seroreactivity against the
associated HPV type increased after administration of the quadrivalent vaccine
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(Gardasil®, Merck & Co inc., Whitehouse Station, NJ, USA) in RRP patients. Children
with HPV and RRP have lower neutralizing antibody titers than children who were
exposed to HPV but did not develop RRP (10). Based on this observation, patients
with higher neutralizing seroreactivity against HPV could theoretically have a form
of protection against RRP. The quadrivalent vaccine contains virus L1 like particles
of HPV6, HPV11, HPV16 and HPV18, and is administered to patients before exposure
to HPV to prevent HPV related diseases. Chapter 6 shows that when administered
to RRP patients after infection and activation, the quadrivalent vaccine induces
higher seroreactivity than the natural infection in RRP patients. Hypothetically, this
higher seroreactivity could influence the clinical course of RRP by intensifying an
RRP patient’s immune response and preventing re-infection. To further test this
hypothesis, a randomized controlled trial could be used to analyze the effects
of the quadrivalent vaccine on the clinical course of RRP patients, including the
number of surgical interventions, Derkay score, and VHI.
Little is known with regards to the role the immune system plays in RRP patients.
Healthy persons infected with HPV in general are able to mediate a T-cell immune
clearance of HPV. However, patients who develop a symptomatic HPV related
disease like RRP seem to develop a tolerance to the HPV infection instead of
a cell-mediated immune clearance (11). More studies are required to better
understand the immune deficiency that prevents effective clearance of HPV6 and
HPV11 infection in RRP patients. This could lead to new therapeutic targets for the
treatment of RRP (12).
Part IV Quality of life
Chapter 7, “Change of Voice Handicap Index after treatment of benign laryngeal
disorders”, describes the voice related quality of life of UMCG patients with
one of seven benign laryngeal disorders including RRP. It observes significant
improvement in the VHI after treatment in RRP patients, and in five of the six other
benign laryngeal disorders studied in the UMCG.
In general, the VHI is considered an appropriate measure to determine quality of
life for patients with benign laryngeal disorders. However, some caution has to be
applied in the use of VHI for RRP patients. The VHI as used in this study entails the
measurement of a patient’s sentiment at two distinct moments in time: before,
and 3 months after surgical intervention. Because of the recurrent and chronic
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character of RRP, VHI scores can differ significantly depending on when the
questionnaire is taken.
Final considerations
Because RRP is a rare disease and RRP patients are spread across many hospitals,
general hospitals treat very small numbers of RRP patients. Centralizing the care
of RRP patients in tertiary centers will enforce more uniformity in the treatment of
RRP. In addition, a higher number of RRP patients treated within certain centers
will justify higher investments in equipment, such as equipment necessary for
NBI. One way to achieve more centralization of RRP care is by agreeing amongst
laryngologists to refer RRP patients to specialized tertiary centers in a country, in
the realization of which laryngology associations can play a role. Finally, research
on RRP can also benefit from centralization and cooperation between international
RRP centers, as demonstrated in this thesis. An international network of RRP centers
could enable such cooperation.
As prevention is better than cure, many countries have vaccine programs for cervix
cancer nowadays. The fact that some countries use a bivalent vaccine whilst other
use a quadrivalent HPV vaccine, creates an opportunity for a comparative study
of the incidence in female RRP patients in these countries. Additionally, countries
without a vaccine program can function as a control group. This study would allow
testing the hypothesis that the RRP incidence amongst women in the countries
where quadrivalent vaccines have been administrated decreases the most,
because quadrivalent vaccines also protect against the RRP-related HPVs, HPV6
and HPV11. If the study would confirm the hypothesis, it could be considered to
administer quadrivalent vaccines to both boys and girls in order to reduce or even
eradicate RRP, and other HPV related diseases.
There is at present no curative treatment for RRP patients, and management of
RRP remains a challenging task for otorhinolaryngologists. The disease burden
on patients is high due to the unpredictable clinical course, the many hospital
admissions and related voice problems. This thesis provides medical specialists with
more insights on RRP to enable improvements in its diagnostics and treatment.
Furthermore it has identified opportunities for future research, which is required to
further build on the knowledge and insights on RRP to be able to optimally inform
and treat the RRP patient.
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Summary
Recurrent respiratory papillomatosis (RRP) is a rare, benign, recurrent, wartlike disease of the airway with a predisposition of the larynx where no curative
treatment exists. The primary aim of treatment is to prevent obstruction of the
airways, and at the same time minimize voice complaints. This thesis presents a
number of studies on the diagnosis, clinical course, and treatment of RRP, and the
quality of life of the RRP patient.
Part I Diagnosis
“Narrow band imaging” (NBI) is a method to increase the visibility of superficial
blood vessels. It is commonly used in oncology to distinguish between pathological
and healthy tissue. In a prospective study, RRP patients received a systematic
endoscopic inspection with conventional white light followed by inspection
with NBI. Lesions suspected for papilloma were recorded, surgically removed and
examined by a histopathologist. In 14 patients, 24 endoscopies were performed.
Out of a total of 86 papillomata suspected lesions, 61 were histopathologically
confirmed as papillomata. Without the application of NBI as additional method,
11 histopathologically confirmed papillomata would not have been identified and
removed. The use of NBI as additional visualization method increased the sensitivity
from 80% to 97%. NBI is a simple, safe and fast diagnostic tool in visualization of
RRP and is effective as an additional diagnostic tool.
Part II Clinical course
RRP is an HPV6 and HPV11 associated disease. Conflicting results have been
published regarding which of these two viruses causes a more severe RRP disease
course. A retrospective cohort study was conducted with 55 RRP patients in which
814 surgeries were analyzed and scored on complications. HPV6 and HPV11
type specific polymerase chain reaction (PCR) was performed on biopsies taken
during these interventions. In 76% of the RRP patients HPV6 was detected, and
in 24% HPV11. RRP patients with a young age of onset often had more surgical
interventions than RRP patients with an older age of onset, regardless of the
HPV type. Among patients with HPV11, more papillomata were anatomically
found, and more expansion of papillomata beyond the larynx was observed. The
expected number of operations in HPV11 positive RRP patients is higher than for
HPV6 positive patients when the disease occurs before the age of 22.4 years. On
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the contrary, if the disease occurs after the age of 22.4, it is expected that the HPV6
positive RRP patients will have to undergo more surgical interventions than HPV11
positive patients.
Part III Treatment
Intralesional cidofovir has been one of the most commonly used therapies in
patients with RRP since 1998, in addition to surgery. The producer of cidofovir issued
a newsletter in 2011 that warned of serious adverse reactions (nephrotoxicity,
neutropenia or airway malignancies) in the off-label use of cidofovir. The side effects
were mainly seen in intravenous administrations of cidofovir in other disciplines.
Because it was unclear whether RRP patients who received intralesional cidofovir
experienced such side effects, a questionnaire on the use of cidofovir in RRP
patients was completed by laryngologists, and a retrospective chart review was
performed. Worldwide, doctors from 16 hospitals in 11 countries participated. Out
of a total of 635 RRP patients, 275 were treated with cidofovir. These RRP patients
received a median of three intralesional cidofovir injections. The study found no
evidence that more nephrotoxicity, neutropenia or airway malignancies occurred
after the administration of intralesional cidofovir in RRP patients.
Prophylactic Gardasil® is a quadrivalent vaccine against HPV6, HPV11, HPV16 and
HPV18 related diseases. Little is known about the way the immune system responds
to the therapeutic quadrivalent vaccine in patients who already suffer from an
HPV-related disease. In order to gain more insights in HPV6 and HPV11 associated
RRP, HPV-specific antibodies were analyzed pre- and post-vaccination in six RRP
patients using Multiplex Human Papillomavirus Serology. The average antibody
titer against the associated HPV type increased from 1125 median fluorescence
intensity (MFI) pre-vaccination to 4690 MFI post vaccination (p<0.001). There was
an increase in the antibody titer in all RRP patients. This case series shows that
higher antibody titers of the associated HPV can be achieved in RRP patients after
administration of the quadrivalent vaccine. It is still unclear whether this increase
in antibodies is clinically relevant, and for example results in a decrease in surgical
interventions.
Part IV Quality of life
Voice disorders can have a significant impact on a patient’s quality of life. The Voice
Handicap Index (VHI) is a common voice related questionnaire that is used to
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measure the physical, emotional and functional issues experienced by patients with
voice disorders. The VHI score ranges between zero and 120, where a score of zero
reflects no complaints. The VHI is measured before treatment, and three months
after treatment. The change in VHI was studied in seven benign laryngological
abnormalities in 143 patients, including 20 RRP patients. A significant improvement
of the voice was observed in RRP patients; from an average VHI of 44.7 before
surgical intervention, to an average VHI of 17.7 after surgical intervention.
Chapter 8, “General discussion and conclusions”, presents ideas for future research
on RRP, and discusses ways to optimize the care of RRP patients.
This thesis provides additional insights on the diagnosis, clinical course, treatment
and quality of life of the RRP patient. On the basis of the findings of this thesis, the
RRP patient can develop a better understanding of his disease, and be provided
with a better judgment on the future prospects of this debilitating disease.
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Samenvatting
Larynxpapillomatose (recurrent respiratory papillomatosis, RRP) is een zeldzame,
goedaardige, recidiverende, wratvormige aandoening van de luchtwegen met
een predispositie voor de larynx (strottenhoofd) waar geen definitieve curatieve
behandeling voor bestaat. Het primaire behandelingsdoel is het voorkomen van
obstructie van de luchtwegen en tegelijkertijd stemklachten te minimaliseren. Dit
proefschrift heeft gekeken naar een aantal vraagstukken op het gebied van de
diagnose, het klinisch verloop, en de behandeling van RRP, alsmede de kwaliteit
van leven van de RRP-patiënt.
Deel I Diagnose
“Narrow band imaging” (NBI) is een methode om de zichtbaarheid van
oppervlakkige bloedvaten te vergroten. Het wordt veelal gebruikt in de
oncologie om pathologisch en gezond weefsel van elkaar te onderscheiden. In
deze prospectieve studie ondergingen patiënten met larynxpapillomatose een
systematisch endoscopische inspectie met conventioneel wit licht gevolgd door
inspectie met NBI. Laesies die verdacht werden van larynxpapillomatose werden
genoteerd, chirurgisch verwijderd en beoordeeld door een patholoog. In 14
patiënten werden 24 endoscopieën verricht. Van de in totaal 86 van papilloom
verdachte laesies werden er 61 histopathologisch bevestigd als papilloom. Zonder
de toepassing van NBI als additionele methode zouden 11 histopathologisch
bevestigde papillomata niet geïdentificeerd en verwijderd zijn. De toepassing van
NBI als additionele visualisatiemethode verhoogde zodoende de sensitiviteit van
80% naar 97%. NBI is een eenvoudig, veilig en snel diagnostisch instrument in de
visualisatie van larynxpapillomatose en is effectief als additioneel diagnostisch
hulpmiddel.
Deel II Klinisch verloop
Larynxpapillomatose is een met HPV6- en HPV11-geassocieerde ziekte. Er zijn
tegenstrijdige resultaten gepubliceerd over welk van deze twee virussen het
ernstigste ziektebeloop van RRP veroorzaakt. Een retrospectieve cohortstudie
werd verricht met 55 RRP-patiënten waarin 814 chirurgische ingrepen werden
geanalyseerd en complicaties gescoord. Een HPV6 en HPV11 type specifieke
polymerasekettingreactie (PCR) werd verricht op biopten afgenomen tijdens deze
ingrepen. Van de patiënten was 76% gedetecteerd met HPV6 en 24% met HPV11.
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Patiënten waarbij op jonge leeftijd larynxpapillomatose ontstaan was, werden
vaker geopereerd dan patiënten waarbij larynxpapillomatose op oudere leeftijd
ontstaan was, onafhankelijk van het type HPV. Bij de patiënten met HPV11 werden
anatomisch meer papilloomlaesies gevonden en werd er meer uitbreiding buiten
de larynx gezien. Het te verwachten aantal operaties bij HPV11-positieve RRP
patiënten is gemiddeld hoger dan bij HPV6-positieve patiënten wanneer de ziekte
voor de leeftijd van 22,4 jaar ontstaat. Als de ziekte daarentegen na de leeftijd van
22,4 ontstaat is de verwachting dat de HPV6-positieve patiënt meer operaties zal
moeten ondergaan dan de HPV11-positieve patiënt.
Deel III Behandeling
Intralesionaal gebruik van cidofovir is sinds 1998 een van de meest toegepaste
therapieën bij patiënten met RRP in aanvulling op chirurgische ingrijpen. De
producent van cidofovir verspreidde in 2011 een nieuwsbrief die waarschuwde
voor ernstige bijwerkingen (nefrotoxiciteit, neutropenie en maligniteiten) bij het
off-label gebruik van cidofovir. De bijwerkingen werden voornamelijk gezien
bij intraveneuze toedieningen van cidofovir in andere vakgebieden. Omdat het
onduidelijk was of RRP-patiënten die intralesionaal cidofovir kregen dergelijke
bijwerkingen ondervonden, werd een vragenlijst over het gebruik van cidofovir in
RRP-patiënten onder laryngologen verspreid en een retrospectief dossieronderzoek
verricht. Wereldwijd participeerden specialisten uit 16 ziekenhuizen in 11 landen.
Van de in totaal 635 RRP-patiënten werden er 275 behandeld met cidofovir. Deze
RRP-patiënten kregen een mediaan van drie intralesionale cidofovirinjecties. Het
onderzoek vond geen aanwijzingen dat er meer nefrotoxiciteit, neutropenie of
luchtwegmaligniteiten optraden na de toediening van intralesionaal cidofovir bij
RRP-patiënten.
Profylactisch Gardasil® is een quadrivalent vaccin tegen HPV6, HPV11, HPV16
en HPV18 gerelateerde aandoeningen. Er is weinig bekend over hoe het
immuunsysteem reageert op het therapeutisch toedienen van een quadrivalente
vaccin bij patiënten die al een HPV-gerelateerde ziekte hebben. Om meer inzicht te
krijgen in HPV6- en HPV11-geassocieerde RRP, werden HPV-specifieke antilichamen
pre- en postvaccinatie geanalyseerd bij zes RRP-patiënten met behulp van
Multiplex Human Papillomavirus Serology. De gemiddelde seroactiviteit tegen
het geassocieerde HPV type steeg van 1125 median fluorescence intensity (MFI)
prevaccinatie tot 4690 MFI postvaccinatie (p<0.001). Er trad bij alle RRP-patiënten
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een stijging in de antilichaamtiter op. Deze case serie laat zien dat er hogere
seroactiviteit van het geassocieerde HPV is te behalen in RRP-patiënten na het
geven van het quadrivalente vaccin. Het is nog onduidelijk of deze stijging van
antilichamen klinisch relevant is, en daarmee bijvoorbeeld resulteert in een daling
van het aantal operaties.
Deel IV Kwaliteit van leven
Stemaandoeningen kunnen grote invloed hebben op de kwaliteit van leven van
een patiënt. De Voice Handicap Index (VHI) is een bekende stemgerelateerde
vragenlijst die wordt gebruikt om de fysieke, emotionele en functionele klachten
te meten die patiënten met stemaandoeningen kunnen ondervinden. De VHIscore ligt tussen nul en 120, waar bij een score van nul geen stemgerelateerde
klachten waar worden genomen. De VHI wordt voor behandeling en drie maanden
na behandeling gemeten. De verandering in VHI werd in zeven goedaardige
laryngologische afwijkingen in 143 patiënten bestudeerd, waaronder 20 RRPpatiënten. Een significante verbetering van de stem werd waargenomen bij
de RRP-patiënten; van een gemiddelde VHI van 44,7 voor operatie, naar een
gemiddelde VHI van 17,7 na operatie.
Hoofdstuk 8, “General discussion and conclusions”, bespreekt mogelijkheden voor
toekomstig RRP onderzoek, en manieren waarop de zorg voor RRP patiënten kan
worden geoptimaliseerd.
Dit proefschrift geeft extra inzicht in enkele aspecten van de diagnose, klinisch
beloop, behandeling en kwaliteit van leven van de patiënt met larynxpapillomatose.
Aan de hand van de bevindingen van dit onderzoek kan de patiënt beter inzicht
worden geboden in het ziektebeeld en een betere uitspraak gedaan worden over
de toekomstverwachtingen van deze invaliderende ziekte.
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List of Abbreviations
AoRRP			 Adult onset type Recurrent Respiratory Papillomatosis
CMV			Cytomegalovirus
ELS			 European Laryngological Society
GERD			 Gastroesophageal reflux disease
GPS			 Groningen Papilloma Studies
GST			Glutathione-S-transferase
HIV			Human immunodeficiency virus
HPV			 Human papilloma virus
JoRRP			 Juvenile onset type Recurrent Respiratory Papillomatosis
MFI			 Median Fluorescence Intensity
NBI			 Narrow Band Imaging
PCR			 Polymerase chain reaction
QoL			 Quality of Life
RCT			Randomized Controlled Trial
RRP			 Recurrent Respiratory Papillomatosis
SLT				 Speech and language therapist
tag 			 tagging peptide
UMCG			 University Medical Center Groningen
VHI			Voice Handicap Index
VLPs			Virus-like particles
WL				White Light
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